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ASTRONOMY. 


EXPLAINED: UPON. 


sm ISAAC NEWTO 1 PRINCIPLES. 


8 Arr in Gaal 1 
1. O all the ſciences cultivated by alin; The geheral 


Aſtronomy is acknowledged to be, arid _ 1285 
undoubtedly is, the moſt ſublime; the 
molt intereſting, and the moſt uſeful. For, by know- 
ledge derived from this ſcience, not only the bulk 
of the earth is diſcovered, the ſituation and extent 
of the countries and kingdoms upon it aſcertained, 
trade and commerce carried on to the remoteſt 
parts of the world, and the various products of 
ſeveral countries gift ributed for the health, comfort, 
and conveniency of its inhabitants; but our very 
faculties are enlarged with the grandeur of the ideas 
it conveys, our minds exalted above the low con- 
tracted prejudices of the vulgar, and our under- 
ſtandings clearly convinced, and affected with 
the conviction of the Exifterice: wiſdom, power, 
goodneſs, immurability, and ſuperintendency of 
the SUPREME BEING! So that without an hy- 

Pee 

An unde vout Aſtronomer 1s mad Mey 

2. From this branch of knowledge we alſo learn 

| by 'what means or laws the Almighey carries on, 

and continues the wonderful harmony, order, and 

connexion obſervable throughout the planetary 

ſyſtem; and are led by very powerful arguments to 

form this Pleaſing deduction, that minds capable of 


Dr. YounG's Night Thonghts, | 
3 ſuch _ 


4 


The Earth 
but a point 
as ſeen from 
the Sun, 


/ Aſtronomy in general. 
ſuch deep reſearches, not only derive their origin 
from that adorable Being, but are alſo incited to 
aſpire after a more perfect knowledge of his nature, 
and a ſtricter conformity to his will, 
3. By Aſtronomy we diſcover that the Earth is 
at ſo great a diſtance from the Sun, that if ſeen from 


thence it would appear no bigger than a point; 
although its circumference is known to be 25,020 


miles. Yer that diſtance is ſo ſmall, compared 


with the Earth's diſtance from the 18 Stars, 
that if the orbit in which the Earth moves round 
the Sun were 18 and ſeen from the neareſt 
Star, it would likewiſe appear no bigger than a 
point, although it is at leaſt 162 millions of miles 


in diameter. For the Earth in going round the 


Sun is 162 millions of miles nearer to ſome of the 


Stars at one time of the year, than at another; 
and yet their apparent magnitudes, fituations, and 


_ diſtances from one another ſtill remain the ſame; 


The Stars 


are Suns, 


and innu- 
metable. 


and a teleſcope which magnifies above 200 times, 


does not ſenſibly magnify them: which proves 
them to be at leaſt 400 thouſand times farther 
from us than we are from the Sun. 

4 It is not to be imagined that all the Stars are 


placed in one concave ſurface, ſo as to be equally 


diſtant from us z but that they 805 placed at im- 
menſe diſtances from ane another through unli- 
mited ſpace. So that there may 12 as great a diſ- 
tance between any two neighbouring Stars, as be- 


tween our Sun and thoſe which are neareſt to him. 


Therefore an Obſerver, who is neareſt any fixed 
Star, will look upon. it alone as a real Sun ; and 


conſider the reſt as ſo many Pas points, placed 
at e<qual:GiBatces. from. him in the 


irmament. _ 
5. By the helpof teleſcopes we difcoyer thouſands 


of 1 — which are inviſible to the. bare eye; and 
the better our glaſſes are, ſtill t e more become 
viſible: ſo that we can ſet no limits either to their 
number or their diſtances. The celebrated Huy - 


GENS carried his thoughts ſo far, as to believe it 
not 


of Aſtronomy i in general,” 


not impoſſible that there may be Stars at - ſuch 5 
inconceivable diſtances, that their light has not yet. 


reached the Earth ſince its creation; although 
the velocity of light be a million of times greater 
than the velocity of a cannon bullet, as ſhall be 
demonſtrated afterwards, $ 197. 210: and, as 
Mr. App1soN very juſtly obſerves, this chought i is 


far from being extravagant, when we conſider that 


the Univerſe is the work of infinite power, prompted 


by infinite goodneſs; having an infinite ſpace to 


exert itſelf in; ſo that our imaginations can ſet no 
bounds to it. 
6. The Sun appears very bright and large in 
compariſon: of the Fixed Stars, becauſe we keep 
conſtantly near the Sun, in compariſon of our im- 
menſe diſtance from the Stars, For, a ſpectator 
laced as near to any Star as we are to the Sun, 
would ſee that Star a body as large and bright as 
the Sun appears to us: and a ſpectator, as far 
* diſtant from the Sun as we are from the Stars, 
would ſee the Sun. as ſmall as we fee a Star, di- 
veſted of all its circumvolving planets; and would 
reckon it one of the Stars in numbering them. 

7, The Stars being at ſuch immenſe diſtances 
from the Sun, cannot poſſibly receive from him fo 
ſtrong a light as they ſeem to have; nor any bright- 
neſs ſufficient to make them viſible to us. For 


the Sun's rays muſt be ſo ſcattered and diſſipated 


before they reach ſuch remote objects, that they 


can, never be tranſmitted back to our eyes, ſo as 


to render theſe objects viſible by reflection. The 
Stars therefore ſhine with their own native and un- 


borrowed luſtre, as the Sun does; and fince each 


particular Star, as well as the Sun, is eonfined to a 


particular portion of ſpace, it is plain that the Stars 


are of the ſame nature with the Sun. 


Why the 
Sun appears 
bigger than 
the Stars. 


The Stars 
are not en- 
lightened 
by the Sun. 


8. It is no ways probable that the Almighty, | 


who always acts with infinite wiſdom, and does no- 
thing in vain, ſhould create ſo many glorious Suns, 


« for ſo many en purpoſes, and place them 
| B 2 at 


— — ̃ . ry ooo * 


They are 
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per objects near enough to be benefited by their 
influences. Whoever imagines they were created 
probably only to give a faint glimmering light to the inha- 


ſurrounded 


by Planets, bitants of this Globe, muſt have a very ſuperficial 


knowledge of Aſtronomy, and a mean opinion of 
the Divine Wiſdom : fince, by an infinitely leſs 
exertion of creating power, the Deity could have 
given our Earth much more light oof one ſingle ad- 
5 ditional Moon. 

. Inſtead then of one e Bun 4158 one World only 
in the Univerſe, as the unſkilful in Astronomy 
imagine, that Science diſcovers to us ſuch an in- 
conceivable number of Suns, Syſtems, and Worlds, 
*diſperſed through boundleſs Space, that if our Sun, 
with all the Planets, Moons, and Comets, belong- 
ing to it, were annihilated, they would be no more 
miſſed, by an eye that could take in the whole 
Creation, than a grain of ſand from the ſea-ſhore. 
The ſpace they poſſeſs being comparatively ſo 
ſmall, that it would ſcarce ber a ſenſible blank in 
the Univerſe,” although Saturn, the outermoſt of 
our planets, revolves "about the Sun in an Orbit 
of 4884 millions of miles in circumference, and 
ſome of our Comets make excurſions upwards of 
ten thouſand millions of miles beyond Saturn's 
Orbit; and yet, at that amazing diſtance, they are 
incomparably nearer to the Sun than to any of the 
Stars; as is evident from their keeping clear of 
the attractive power of all the Stars, and returning 

periodically by virtue of the Sun's attraction. 


The ſleler 10. From what we know of our own Syſtem, it 
| Planets may may be reaſonably concluded that all the reſt are 


be habit- 
we. with equal wiſdom contrived, ſituated, and pro- 


vided with accommodations for rational inhabit- 
ants, Let vs therefore take a ſurvey of the 
Syſtem to which we belong; the only one acceſ- 
ſible to us; and from thence we ſhall be the better 
enabled to judge of the nature and end of the 
| other Syſtems of the Univerſe, For although 
there 


at ſuch diſtances from one another, without "rt | 


'Of Aftronomy in general. 5 
there is almoſt an infinite variety in the parts . 
the Creation, which we have opportunities of exa- 
mining, yet there is a general analogy running 3 
through and connecting all the parts into one 
ſcheme, one deſign, one - whole | | 
11. And then, to an attentive conſiderer, it will 
appear highly probable, that the Planets of our 
Syſtem, together with their attendants called Satel- 
lites or Moons, are much of the fame nature with e, eee 
our Earth, and deſtined for the like purpoſes. e 
For they are ſolid opaque Globes, capable of ſup- 
porting animals and vegetables. Some of them 
are bigger, ſome leſs, and ſome much about the 
ſize of our Earth, They all circulate round the 
Sun, as the Earth does, in a ſhorter or longer 
time, according to their reſpective diſtances from 
him; and have, where it would not be inconve- 
nient, regular returns of ſummer and winter, ſpring 
and autumn. They have warmer and colder 
climates, as the various productions of our Earth 
require: and, in ſuch as afford a poſlibility of 
diſcovering it, we obſerve a regular motion round 
their axes like that of our Earth, cauſing an alter- 
nate return of day and night; Which is neceſſary 
for labour, reſt, and vegetation, and that all parts 
of their ſurfaces may be ee to the rays of che 


Sun. | 
1251. Such. of the Planete as are Hartkblt fact the The fartheſt | 
Sun, and therefore enjoy leaſt of his light, have ee, dae | 
that deficiency made up by ſeveral” Moons, which ee Rs 
conſtantly accompany, and revolve abou: them, e ee 
as our Moon revolves about the Earth. The 
remoteſt Planet has, over and above, a broad ring 
encompaſſin it; which like a lucid Zone in the 
Heavens reſſects the Sun's Tight very copiouſly on 
that Planet: fo that if the remoter Planets have 
the Sun's light fainter by day than we, they have 
an addition made to it morning and evening by 
one or ore of their Moons, and a greater quan- 

tity of light in the night-time. 
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Our Moon 
mountains 
ous like 


the Earth, 
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12. On the ſurface of the Moon, becauſe it is 
nearer to us than any other of the celeſtial Bodies 
are, we diſcover a nearer reſemblance of our Earth. 
For, by the aſſiſtance of teleſcopes, we obſerve the 
Moon to be full of high mountains, large valleys, 


and deep cavities, Theſe ſimilarities leave us no 


room to doubt, but that all the Planets and 


Moons in the Syſtem are deſigned as commodious 
habitations for creatures endowed with capacities 


of knowing and adoring their beneficent Creator. 
14. Since the Fixed Stars are prodigious ſpheres 


of fire, like our Sun, and at inconceivable diſ- 


Numberleſs 
Suns and 
Worlds, 


made and n the dive a5 


tances from one another, as well as from us, it 1s 
reaſonable to conclude they are made for the ſame 


purpoſes. that the Sun is; each to beſtow: light, 


heat, and vegetation on a certain number of in- 
habited Planets, kept by a within the 
an of its activity. Wy 


What an auguſt, what an amazing concep- 


| won: if human imagination can conceive it, does 


this give of the works of the Creator! Thouſands 
of thouſands. of Suns, multiplied without end, and 
ranged all around us, at immenſe diftances from 
each other, attended by ten thouſand times ten 
thouſand worlds, all in. rapid motion, yet calm, 


Tegular, and harmonious, invariably keeping the 
paths preſcribed them; and theſe worlds peopled 
with myriads of intelligent beings, formed for 


1 progreſſion in perfection and felicity ! 

If ſo much power, wiſdom, goodneſs, and 
ee e is diſplayed in the material Creation, 
which is the leaſt conſiderable part of the Univerſe, 
how great, how wiſe, how good muſt - be, wha 


* + 
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CHA of II. 
A brief Deſeription of the SoLar SysTEM. 


17. HE Sun, with the Planets and Comets PLATE 1, 
which move round him as their center, con- Vs 1. 
fitore the Solar Syſtem. Thoſe Planets which are 
near the ſun not only finiſh their circuits ſooner, 
but likewiſe move faſter in their reſpective Orbits, The Solar 
than thoſe which are more remote from him. Their 4 8258 
motions are all performed from weſt to eaſt, in 
Orbits nearly circular. Their names, diſtances, 
bulks, and e revolutions, are as follow: 


18. The Sun O, an immenſe globe of fire, is The Sun, 
placed near the common center, or rather in the 
lower * focus, of the Orbits of all the Planets and 
Comets ; and turns round his axis in 25 days 
6 hours, as is evident by the motion of ſpors ſeen 
on his ſurface, His diameter is computed to be Fig. I. 
763,000 miles; and, by the various attractions of | 
the wing Planets, he is agitated by a 


If a thread be tied looſely round two pins ſtuck in a table, 
and moderately ſtretched by the point of a black-lead pencil 
carried round by an even motion and light preſſure of the hand, 
an oval or ellipſis will be defcribed; the two points where the 
pins are fixed being called the foci or focuſes thereof, The 
Ordits of all the Planets are elliptical, and the San is placed 
in or near to one of the foc? of each of them: and zhat in which 
he is placed, is called the /owver focus. 

+ Aſtronomers are not far from the truth, when they ks 
the Sun's center to be in the lower focus of all the Planetary 
Ocbits. Though, ſtriAly ſpeaking, if we conſider the focus of 
Mercury's Orbit to be in the Sun's center, the focus of Venus's 
Orbit will be in the common center of gravity of the Sun and 
Mercury; the focus of the Earth's Orbit in the common center 
of gravity of the Sun, Mercury, and Venus; the focus of the 
Orbit of Mars in the common center of gravity of the Sun, 
Mercury, Venus, and the Earth; and ſo of the reft. Yer, the 
focuſſes of the Orbits of all the Planets except Saturn, will not 
be ſenſibly removed. from the center of the Sun; nor will the 
focus of Saturn's Orbit recede ſenſibly from the common center 
of gravity of the Sun and 6 . ö 

3 ſſmall 


ga Wr aA 


ö — —ͤ— r ——— E 


2 


PLATE I, 


ES. 
* x * 
3 


oy the Solar FOE 


ſmall motion round the center of gravity of the 
Syſtem. All the Planets, as ſeen from him, move 
the ſame way, and according to the order of Signs 
in the graduated Circle wp & n 9 &c. which re- 


3 the great Ecliptic in the Heavens: but, as 


een from any one Planet, the reſt appear ſome- 
times to go backward, ſometimes forward, and 


ſometimes to ſtand ſtil}; not in circles nor ellipſes, 


but * in looped curves, which never return into 
themſelves. The Comets come from all parts of 
the Heavens, and move in all ſorts of directions. 
190. Having mentioned the Sun's turning round 
his axis, and as there will be frequent occaſion to 


. ſpeak of the like motion of the Earth and other 


Planets, it is proper here to inform the young Tyro 
in Aſtronomy, that neither the Sun nor Planets 


| have material axes to turn upon, and ſupport them, 


The Axes 
of the Pla- 


Nets, what, 


as in the little imperfect machines contrived to 
repreſent them. For the axis of a Planet is a line 
conceived to be drawn through its center, about 
which it revolves as if on a real axis. The extre- 
mities of this line, terminating in oppolite points 
of the Planet's ſurface, are called its Poles. That 
which points towards the northern part of the 


Heavens, is called the North Pole; and the other, 


pointing towards the ſouthern part, is called the 
South Pole. A bowl whirled from one's hand into 
the open air, turns round ſuch a line within itſelf, 
whilſt it moves forward ; and ſuch are the 15 75 


we mean, when we e of the Axes of che 


| | Their Or- 


hits ar- not 


8 bodies. 
Let us ſoppoſe the Earth's Orbit to . a 


in the ſame Sr” even, ſolid plane; cutting the Sun through 


plane with 


the Ecliptic. 


the center, and extended out as far as the Starry 
Heavens, where it will mark the great Circle called 


the Ecliptic. This Circle we Tuppoſe to he divided 


inta 12 equal parts, called Signs; each Sign into 
o equal parts, called Degrees; each Degree into 
; equal parts, called Minutes; and every Minute 


2 As + is in Plate I, Fig. I, and deſcribed 9138. 
inte 


— 


| Of the Solar Syſtem. : 9 
in to 60 equal parts, called Seconds : ſo that a Second PLATE . 
is the 60th part of a Minute; a Minute the 6oth _ 
part of a Degree; and a Degree the 360th part of 

'a Circle, or zoth part of a Sign. The Planes of 

the Orbits of: all the other Planets likewiſe cut the 

Sun in halves; but extended to the Heavens, form 

Circles different from one another, and from the 
Ecliptic; one half of each being on the north 

ſide, and the other on the ſouth fide of it. Conſe- 2 | 
quently the Orbit of each Planet croſſes the Eclip-* 

tic in rwo oppoſite points, which are called the Pla- 

net's Nodes. Theſe Nodes are all in different parts 

of the Ecliptic; and therefore, if the planetary 
Tracks remained viſible in the Heavens, they would 

in ſome meaſure reſemble the different ruts of 
waggon-wheels croſſing one another 1n different 
parts, but never going far aſunder. That Node, 

or Interſection of the Orbit of any Planet with the 
Earth's Orbit, from which the Planer aſcends north- 

ward above the Ecliptic, is called the Iſcending 

Node of the Planet: and the other, which is di- 

rectly oppoſite thereto, is called irs Deſcending Node. 
Saturn's Aſcending Node is in 21 deg. 13 min. of Where fitus 
Cancer es, Jupiter's in 7 deg. 29 min. of the ſame ge 
Sign, Mars's in 17 deg. 17 min. of Taurus u, 
Venus's in 13 deg. 59 min. of Gemint mx, and 
Mercury's in 14 deg. 43 min. of Taurus. Here 

we conſider the Earth's Orbit as the ſtandard, and 

the Orbits of all the other Planets as oblique to it. 

21. When we ſpeak of the Planets Orbits, all The Pla- 
that is meant is their paths through the open and “ 
unreſiſting Space in which they move; and are 
kepr in, by the attractive power of the Sun, and 
the projectile force impreſſed upon them at firſt: 
between which power and force there is ſo exact 
an adjuſtment, that ' they continue in the ſame 
tracks without anf! ſolid Orbits to confine . 0 


22. Mexcvay, the neareſt Plans to the Som Mercury,. 
| boes round him (as in the circle marked g) in 87 Fig. 1, 


5 days 
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PLATE L. Hays, 2 23 hourg of our time nearly; which is the 


length of his year. But being ſeldom ſeen, and 
no ſpots appearing on his ſarface .or diſc, the tie 
of his rotation on his axis, or the length of his 
days and nights is as yet unknown, His diftance 
from the Sun is computed to be 32 millions of 
miles, and his diameter 2600. In his courſe 
round the Sun, he moves at the rate of 95 thou- 
ſand miles every hour. His light and hea: from 
the Sun are almoſt ſeven times as great as ours; 
and the Sun appears to him almoſt ſeven times as 
May be in- Jarge as to us. The great heat on this Planet is 
no argument againſt its being inhabited ; ſince 


the Almighty could as eaſily ſuit the 966 79, and 


conſtitutions of its inhabitants to the heat of their 


dwelling, as he has done ours to the temperature 


of our Earth. And it is very probable that the 
people there have ſuch an opinion of us, as we 
have of the inhabitants of Jupiter and Saturn; 
namely, that we muſt be intolerably cold, and 
have very little light at ſo e a diſtance from 
the Sun. 

Has like 23. This Planet appears to us with all the vari- 
3338 ous phaſes of the Moon, when viewed at different 
times by a good teleſcope: ſave only that he never 
appears quite Full, becauſe his enlightened fide is 
never turned directly toward us, but when he is 
ſo near the Sun as to be loſt to our fight in its 
beams. And, as his enlightened ſide 1s always to- 
ward the Sun, it is plain that he ſhines not by any 
light of his own; for if he did, he would con- 


ſtantly appear round. That he moves about the 


Sun 1n an Orbit within the Earth's Orbit, is alſo 
plain (as will be more largely ſhewa by and by, 
§ 141, & ſeq.) becauſe he is never ſeen oppoſite 
to the Sun, nor above 56 times the Sun's breadth 


from his center. 


kü abe 44. His Orbit is e 1 degrees to the 


me n 


ph 1 rg and that Node, y 20, from which he 


* aſcends. northward. above the Eclipges: is in 1 
14th 
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degree of Scorpio. The Earth is in theſe points 
en the 6th of November and 4th of May, new ſtyle; 


and when Mercury comes to either of his Nodes 


at his“ inferior Conjunction about theſe times, he 
will appear to pats over the diſc or face of the Sun, 


like a dark round ſpot. But in all other parts of 


his Orbit his Conjunctions are inviſible, becauſe 
he either goes above or below the Sun. | 
25. Mr. WaisToN has given us an account of When be 4 


ſeveral periods at which Mercury may be ſeen on keen ge 


the Sun's diſc, viz. In the year 1782, Nov. 12th, the Sun, 


at 3 h. 44 m. in the afternoon: 1786, May 4th, 
at b h. 57 m. in the forenoon; 1789, Dec. 6th, at 


3 h. 35 m. in the afternoon; and 1799, May 7th, 


at 2 h. 34 m. in the afternoon. There will be 
ſeveral intermediate FTranfits, but none of them 


00 woe, the next Planet in order, is com- venus. 
puted to be 59 millions of miles from the Sun; 
and by moving at the rate of 69 thouſand miles , 
every hour in her Orbit (as i in the circle marked 2), 
ſhe goes round the Sun in 224 days 17 hours of 
our time, nearly; in which, though it be the full 
length of her year, ſhe: has only 94 days, accord- 
ing to Brancnint's obſervations; ſo that, to her, 
every day and night together is as long as 244 days 
and nights with us. This odd quarter of a day in 
every year makes every fourth year a leap- year to 
Venus; as the like does to our Earth. Her dia- ö 
meter is 7906 miles; and by her diurnal motion | 
the inhabitants about her Equator are carried 43 
miles every hour, beſides the 69,000 above-men- | 
tioned. 

27. Her Orbit includes that of Mercury within Her Orbi 


lies be 
it; for at her greateſt Elongation, or apparent diſ- — Em 


Fig. I. 


tance from the Sun, ſhe is 96 times his breadth 8 


uryYe 


* When he is between the Earth and che Sun in the nearer 
part of his Orbit. This 
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—_— 1 Of the Solar Syſtem. 
from his center; which is almoſt double of Mer- 
cury's. Her Orbit is included by the Earth's; for 
if it were not, ſhe might be ſeen as often in Oppo- 
ſition to the Sun, as ſhe is in Conjunction with 
him; but ſhe was never ſeen go degrees, or a 
fourth part of a Circle, from the Sun. 
She is ovr| 28. When Venus appears weſt of the Sun, the 
avecing B08 riſes before him in the morning, and is called the 
* eee. Star: when ſhe appears eaſt of the Sun, 
ſhe thines in the evening after he ſets, and is then 
5 called the Evening Star: being each in its turn 
for 290 days. It may perhaps be ſurpriſing at 
firſt, that Venus ſhould keep longer on the eaſt or 
weſt of the Sun, than the whole time of her Pe- 
riod round him. But the difficulty vaniſhes when 
we conſider that the Earth is all the while going 
round the Sun the ſame way, though not ſo quick 
as Venus: and therefore her relative motion to 
the Earth muſt in every period be as much ſlower 
than her abſolute motion in her Orbit, as the 
Earth during that time advances forward in the 
N | Ecliptic; which is 220 degrees. To us ſhe ap- 
Pears through a teleſeope in all the various ſhapes 
Sf of the Moon. | 
29. The Axis of Venus is wenden 75 n 
to the Axis of her Orbit; which is 512 degrees 
more than our Earth's Axis is inclined to the Axis 
of the Ecliptic:, and therefore her ſcaſons vary 
much more than ours do. The North Pole of her 
Axis inclines toward the 20th degree of Aqua- 
nis, our Eärth's to the beginning of Cancer; 
| conſequently the northern parts of Venus have 
| ſummer in the Signs where thoſe. of our Earth 
have Winter, and VICE, vel. ng 
Remarkable _ 30. The? artificial. day at . Pole af Wome | 
"ppernentt® is as long as 1122 + natural days on our Earth. 
Her Tropics 3. The Sun” $ greateſt Declination on each ſide 


nd, pol 
8 of her Equator amounts to 75 degrees; therefore | 
. . lime Neanegn the Sun's tiſing and. ſetting 
FETT 
2 „ 


er | : 
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her* Tropics are only 1 5 degrees from her Poles ; 
and her + Polar Circles as far from her Equator. 
Conſequently the Tropics of Venus are between 
her Polar Circles and her Poles ; contrary to what 
thoſe of our Earth are. . 

32. As her annual Revolution contains only 9 — 
of ber days, the Sun will always appear to go 
through a whole Sign, or twelfth. part of her 

Orbit, in a little more than three quarters of her 

natural day, or ane in 183 of our non and 
nights 

33. Becauſe her day is 115 great a part of her ee 
year, the Sun changes his Declination in one day Oe 
ſo much, that if he paſſes vertically, or directly 

over head of any given place on the Tropic, the 

next day he will be 26 degrees from it: and what- 

ever place he paſſes vertically over when in the 
Equator, one day's revolution will remove him 

36% degrees from it. So that the Sun changes 

his Declination every day in Venus about 14 de- 

grees more at a mean rate, than he does in a quarter 

of a year on our Earth. This appears to be pro- 
videntially ordered, for preventing the too great 

effects of the Sun's heat (which is twice as great on 
Venus as on the Earth), ſo that he cannot ſhine 
perpendicularly on the ſame places for two days 
together; and on that account, the heated places £ 
have time to cool. 

31. If the inhabitants about the North Pole of To derer- 
Venus fix their South, or Meridian Line, through e 
that part of- the Heavens where the Sun comes to Compats at 
his oreateſt Height, or North Declinarion, and cal! 


© Theſe are lefler A "parallel to the 88 and 29 
many degrees from. it, toward the Poles, as the Axis of the 
Planet is irclined to the Axis of its Orbit. When the Sun is 


advanced fo far north or ſ-uth of the Equator, as to be diiectly FE 
over. either N 2 he goes no farther; but returns towards 
of the other, 
ww | + Theſe are lefler circles round the Poles, and as far from 
them as the Tropics are from the Equator, The Poles are the 


very north and ſouth points of the Plauet. ER | | 
T6 thoſe 
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thoſe the èeaſt and weſt points of their Horizon, 
which are 90 degrees on each ſide from that point 
where the Horizon is cut by the Meridian Line, 
theſe inhabitants will have the following remark- 
able appearances. 

The Sun will riſe 222 degrees * 9 of the 
eaſt, and going on 1122 degrees, as meafured on 
the plane of the F Horizon, he will croſs the Me- 

ridian at an altitude of 124 degrees; then making 
an entire revolution without ſetting, he will croſs 
it again at an altitude of 483 degrees; at the 
next revolution he will croſs the Meridian as he 
comes to his greateſt height and declination, at the 

Surpri6ns Altitude of 7 5 degrees; being then only 15 degrees 

appearances from the Zenith, or that point of the Heavens 

cker Polen. which is directly over head: and thence he will. 

| deſcend in the like ſpiral manner; crofling the 
Meridian firſt at the altitude of 48z degrees; next 
at the altitude of 124 dercn and going on thence 
1122 degrees, he will fer 22 K degrers north of the 
weſt; ſo that, aſter having been 45 revolutions 
ae the Horizon, he deſcends below it to exhibit 

{ the like appearances at the South Pole; (21%? 

35. At each Pole, the Sun continues half a year 
without ſetting in ſummer, and as long without 
riſing in winter; conſequently the polar inhabit. 
ants of Venus have only 6ne day and one air in 
the year; as it is at the Poles of or Earth. But 
the difference between the heat of ſümmer and cold 
of winter, or of mid-day and midnight, on Ve- 
nus, is much greater than on the Earth: becauſe 
on Venus, as the Sun is for half year together 
above the Horizon of each Pole ih Its turn, fo he 

I bs for'a conſiderable part of that time near the Ze- 

nith; and during the other half of th 


the year always 
below the Horizon, and for a grent part of that 
time at leaſt 2 degrees from 1 it. e at no 


. A Degree is a 360 ch port of any Circle see g. 
| © + The Limit of any inhabitant's view, where tt 
. to touch the Planet * round him. 


btn 
Sky ſcems 
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year together above the Horizon; yet he never al- 
cends above, nor deſcends below it, more than 234 
degrees. When the Sun is in the Equinoctial, or 


Poles of our Earth, although the Sun is for half a 


in that Circle which divides the northern half of 


the Heavens from the ſouthern, he is ſeen with 
one half of his. Diſc above the Horizon of the 
North Pole, and the other half above the Horizon of 
the South Pole; ſo that his center is in the Horizon 
of both Poles: and then deſcending below the 
Horizon of one, he aſcends eradually above that 
of the other. Hence, in a year, each Pole bas one 
ſpring, one harveſt, a ſummer, as long as them 
both, and a winter equal in length to the other 
three ſeaſons. 


36. At the Polar. Circles . Venus, 1 ſeaſons At ber pe- 


are much the ſame as at the Equator, becauſe 


lar Circles, 


there are only 15 degrees between them, 8 31 


only the winters are not quite ſo long, nor the 
ſummers ſo ſhort : but the four ſeaſons come twice 
round every year. 


. At Venus's Tropics, the Sun continues for At her 
about fifteen of our weeks together without ſetting 3 8 8 


in ſummer; and as long without riſing in winter. 
Whilſt he is more than 5 degrees from the Equa- 
tor, he neither riſes to the inhabitants of the one 
Tropic, nor ſets to thoſe of the other: whereas, 
at our tetreſtrial Tropics: he riſes and lan. r 
day of the year. 

38. At Venus's Tropics, the (00 are. —— 
he ſame as. at her Poles; only the ſummers are a 
little longer, and the winters, a little horte. 


39. At ber Equator, the days and nights are ar hor 
always of the ſame length; 3; and yet the diurnal Equator, | 


and nocturnal Arches are very different, eſpecially | 


when the Sun's declination. is about the greateſt: 

for then, hig meridian altitude may ſometimes be 
twice as great as his midnight depreſſion, and at 
other times the reverſe. When the Sun is at his 


greateſt declinstion, either north or ſouth, his 
rays 
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rays are as oblique at, Venus's Equator, as they 
are at London on the ſhorteſt day of winter. 
Therefore, at her Equator there are two winters, 
two ſummers, two ſprings, and two autumns every 
year. But becauſe the Sun ſtays for ſome time 
near the Tropics, and paſſes ſo quickly over the 
| Equator, every winter there will be almoſt twice as 
long as ſummer: the four ſeaſons returning twice 
in that time, which conſiſts only of 9 days. 
40. Thoſe parts of Venus which ke between the 
Poles and Tropics, and between the Tropics and 
Polar Circles, and alſo between the Polar Circles 
and Equator, partake more or leſs of the Pheno- 
mena of theſe Circles, as they are more or leſs dil= 
tant from them, 


Great 6iffe- 41. From the quick change of the Sun's decli- | 
rence of the nation it happens, that if he riſes due eaſt on any 


Sun's am- 


pinude at day, he will not ſet due weſt on that day, as with 


gut and us; for if the place where he riſes due eaſt be on 


ſetting, 


the Equator,” he will ſet on that day almoſt weſt- 
north-weſt; or about 184 degrees north of the 
weſt; But if the place be in 45 degrees north lati- 
rude, then on the day that the Sun riſes. due eaſt 
he will ſet north-weſt by weſt, or 33 degrees north 


of the weſt. And in 62 degrees north” latitude, 


when he riſes in the eaſt, he ſets not in that revo- 
lution, bur juſt touches the Horizon 10 degrees to 
the weſt of the north point: and afcerids again, 
continuing for 31 revolutions above the Horizon 


without ſetting. Therefore no place has the fore- 
noon and afternoon of the ſame day equally long, 


unleſs it be on the Equator, or at the Poles. © 


The longi- 42. The Sun's altitude at noon, or any bier 


tude of 


places eaſily time of the day, and his amplitude at riſing and 


round in ſetting, being very different at places on the ſame 


V . 
ee, parallel of latitude,” according to the different lon- 


gitudes of thoſe places, the longitude will be almoſt 


as eaſily found on Venus, as the latitude is found 


on the Earth : which is an advantage we can never 
have, becauſe the daily change of the Sun's decli- 


nation | 
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nation 18 by much too. ſraall for that important 
purpoſe.” 

> G25 On this Planet, Where the Sun croſſes the 
Equator in any year, he will have 9 degrees of 
declination from that place on the {ame day and 
hour next year ; and will croſs the-Equator go de- 
grees farther to the weſt; which makes_th2 time 


of the Equinox aquarter of a day (or about fix of 


our days) later every year, Hence, although the 
ſpiral in which the Sun's motion is performed, be 
of the ſame ſort every year, yet it will not be the 


very fame, becauſe the Sun will not pals vertically 


over the ſame places till four annual revolutions 


are finiſhed. 
We may ſuppoſe that the inhabitants of 


vat will be careful to add a day to ſome par- 


ticular part of every fourth year; which will keep 


17 


. 


Her Fqui- 

noxes ſhifta 
quarter of a NE 
day forward 
* 9 8 


> ; 


Everyfourth 
year a leap- 
year to Ve- 
nus. 


the ſame ſeaſons to the fame days. For, as the 
great annual change of the Equinoxes and Solſtices 


ſhifts the ſeaſons a quarter of a day every year, 
they would be ſhifted through all the days of the 
year in 36 years. But by means of this inter- 
calary day, every fourth year will be a leap-year; 


which will bring her time to an even reckoning, 


and keep her Calender always right. <- 
435. Venus's Orbit is inclined 34 degrees to the 
Earth's; and. croſſes it in the 14th degree of Ge- 


mini and of Sagittarius; and therefore when the 
Earth is about theſe points of the Ecliptic at the 
time that Venus is in her inferior conjunction, ſhe 


will appear like a ſpot on the Sun, and afford a 
more certain method of finding the diſtances of all 


the Planets from the Sun, than any other yet 


known. But theſe appearances happen very ſel- 
dom; and will be only twice viſible at London for 
one hundred: and ten years to come. The firſt 


= time will be in the year 1761; June the 6th, in 


the morning; and the ſecond, on the 3d of June 
in the evening. Excepting ſuch Franſits as theſe, 


ſhe ſhews the ſame Fre c regularly 


every 


When ſhe 
will appear - 
on the Sun. 


1769 


* 
—* 


Moon, al- 
though we 
cannot ſee 
Its 


— 
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eviry eight years; her Conjunctions, Elongations, 
and Times of riſing and ſetting, being very nearly 
the ſame, on the ſame days, as before. 

46. Venus may have a Satellite or Moon, al- 
though it be undiſcovered by us: which will not 
appear very ſurpriſing, if we conſider how incon- 
veniently we are placed for ſeeing it. For its en- 
lightened ſide can never be fully turned towards 
us, but when Venus is beyond the Sun; and then, 
as Venus appears little bigger than an ordinary 
Star, her Moon may be too ſmall to be perceived 
at ſuch a diſtance. When ſhe i is between us and 
the Sun, her full Moon has its dark ſide towards 
us; and then we cannot fee it any mbre than we 
can our own Moon at the time of C hange. When 


Venus is at her greateſt Elongation, 'we have but 


The Earth, 


Fig. I, 


one half of the enlightened fide of her Full Moon 


towards us; and even then it may be too far diſ- 
tant to be ſeen by us. But if ſhe has a Moon, it 
may certainly be ſeen with her upon the Sun, in 
the year 1761, unleſs its Orbit be conſiderably 


inclined to the Ecliptic: for if it ſhould be in con- 


junction or oppoſition at that time, we can, hardly 


imagine that it moves ſo flow as to be hid by 


Venus all the fix hours chat the will Pear on the 
Sun's Diſc “. 
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in the Syſtem. Ir is 82 millions of miles from 


the Sun, and goes round him (as in the circle G) 


in 365 days 5 hours 49 minutes, from any Equi- 


nox or Solſtice to the ſame again: but from any 


Its diurnal 
and annual 
motion, 


fixed Star to the fame again, as feen from the Sun, 
in 365 days 6 hours and 9 minutes; the former 
being the length of the Tropical year, and the 


latter the length of the Sen . It travels at 


the rate of 58 thouſand miles every hour; which 
motion, though 120 times ſwifter than that of a 


* The tranſit is over ſince this was wrote, and no Satellite 
was ſcen with Venus on the Sun's Diſc, 
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cannon- ball, is little more than half as ſwift as 
Mercury's motion in his Orbit. The Earth's dia- 
meter is 7970 miles; and by n round its 
Axis every 24 hours from Weſt to Eaſt, it cauſes 
an apparent diurnal metion of all the heavenly 
Bodies from Eaſt to Weſt. By this rapid motion 

of the Earth on its Axis, the inhabitants about 

the Equator ate carried 1042 miles every hour, 

whilſt thoſe on the parallel of London are carried 

only about 580, beſides the $58 thouſand miles by 

the annual motion above-mentioned, which 1s com- 

mon to all places whatever. oY 
438. The Earth's Axis makes an angle of 23 Toclination 
degrees with the Axis of its Orbit; and keeps eta 
always the ſame oblique direction; inclining to- 

wards the ſame fixed Stars * throughout its annual 

courſe, which cauſes the returns of ſpring, ſum- 
mer, autumn, and winter; as will be explained at 
large in the tenth Chapter. 3 

49. The Earth is round like a globe; as ap- A proof of 
pears, 1. By its ſhadow in Eclipſes of the Moon; ung. 
which ſhadow is always bounded by a circular line, 

§ 314. 2. By our ſeeing the maſts of a ſhip whilſt 

the hull is hid by the convexity of the water. 

3. By its having been ſailed round by many navi- 

gators. The hills take off no more from the 
roundneſs of the Earth in compariſon, than grains 

of duſt do from the roundneſs of a common 
30. The ſeas and unknown parts of the Earth tt number 
(lhby a meaſurement of the beſt Maps) contain 160 „ 
1 inne 22, thouſand and 26 ſquare miles; the 
inhabited parts 38 million 990 thouſand 569: 


|: 


Europe 4, million 456 thouſand and 65; Aa 10 


miles, 


Þ * This is not ſtrictly true, as will appear when we come to 
11 treat of the Recefſion of the Equinoctial Points in the Heavens, 
9 246 ; whith receſſion is equal to the deviation of the Earth's 
Axis from its paralleliſm: but this is rather too ſmall to be 


4 ſenſible in an age, except to thoſe who make very nice obſer- 
"7 vations, 5 eh hs ny Wh | 


ry million 


and ſea. 
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The propor- 
tion of land 


Of the Solar Syſtem: 
million 968 thouſand 8233 Africa 9 million 654 


thouſand 807; America 14 million 110 thouſand 


874. In all, 199 million 312 thouſand 5953 
which is the number of ſquare miles on the whole 
ſurface of our Globe. | 

51. Dr. Lox, in the firſt eSkome of his Aſtro. 
nomy, p. 168, mentions an ingenious and eaſy me- 
thod of finding nearly what proportion the land 
bears to the fea ; which is, to take the papers of a 
large terreftrial globe, and after ſeparating the land 
from the fea with a pair of ſciſſars, to weigh them 
carefully in ſcales. .This {uppoſes the globe to be 


exactly delineated, and the papers all of equal 


thickneſs. The Doctor made the experiment on 
the papers of Mr. Senzx's ſeventeen- inch globe; 
and found that the ſea-papers weighed 349 grains, 
and the land only 124: by which it appears that 
almoſt three-fourth parts of the ſurface of our Earth 
between the Polar Circles are covered with water, 


and that little more than one-fourth is dry land. 


The Moon. 62, 


The Doctor omitted weighing all within the Polar 
Circles; becauſe there is no certain meaſurement 
of the land within them, ſo as to Know what pro- 
portion it bears to "the lea. X 


| The Non f is not a Planet. but . a Satel- 
lite or Attendant of the Earth; going round the 
Earth from Change to Change in 29 days 12 hours 
and 44 minutes; and round the Sun with it every 
year. The Moon's diameter is 2180 miles; and 
her diſtance from the Earth's center 240 thouſand. 
She goes round her Orbit in 27 days 7 hours 43 
minutes, moving about 2290 miles every hour; 
and turns round her Axis exactly in the time that 
ſhe goes round the Earth, which is the reaſon of 
her keeping always the ſame ſide towards us, and 
that her day and night taken together i is as org. as 
our lunar month. | 

53. The Moon is an opaque Globe like the 
Earth, and ſhines only by reflecting the light of 
the 
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the Sun: therefore whilſt that half of her which is 
towards the Sun is enlightened, the other half muſt 


be dark and inviſible. Hence, ſhe diſappears when 
the. comes between us and the Sun; becauſe her 
dark ſide is then towards us. When ſhe i s gone 
a little way forward, we ſce a little of her DN ad 


ened ſide; which ſtill increaſes to our view, as ſhe 
«advances forward, until ſhe comes to be oppolite 
to the Sun; and then her whole enlightened fide is 
towards the Earth, and the appears with a roun 


illumined Orb, Which we, call the Full Moon : her 


dark fide. being then turned away from the Farth. 


From the Full ſhe ſeems ro decreaſe gradually as 
- ihe goes through the other half of her courſe; ſhew- 


ing us leſs and leſs of her enlightened ſide every 


{ST 


Her pha ſes. 


day, till her next change or conjunction with the 


Sun, and then ſhe diſappears as before. 


54. This continual change of the Moon's phaſes 
demonſtrates that ſhe ſhines nor by any light of 


A croof that 
ſhe ſhines 
not by her 


her own: for if ſhe did, being globular, we ſhould own light. 


always ſee her Wich a round full Orb like the Sun. 


Her Orbit is repreſented in the Scheme by the 


| little circle mM, upon the Earth's Orbit S: but it 
is drawn fifty times too large in proportion to the 


Earth's; and yet 1s almoſt r too ſmall to be ſeen in 
the Diagram. | 
55. The Moon has ſcarce any difference of ſea- 


ſons; her Axis being almoſt perpendicular to the 
Ecliptic. What is very ſingular, one half of her 


has no darkneſs at all; the Earth conſtantly afford- 


ing eit a ſtrong light in the Sun's. abſence; while 


the other-half has; a fortnight” s.darkneds and a fort- 


night's light by turns. 


56, Our Earth is a Moon to the Moon, waxing 
and weaning regularly, but appearingthirteen times 
as big, and affording her thirteen times as much 


Fig. I. 


One half of 
her always 
enlightened, 


Our Earth - 


is her Moon, 


light, as ſhe does tous, When ſhe changes to us, 


the Earth appears full to her; and when he is in 
her firſt quarter to us the Earth is in its third quar- 
ter to her; and vice verſd. | 

| "9 57. But 


| 
1 
. 


| A proof of 
. the Mcon's 
| >, having no 


| Atmo- 
| | 8 ſphere, | 
l 


moſt thirty times as quick as the moon does. 


places on that circle. To her, the Earth ſeems to 


pears thirteen times as big as ſhe does to us. 


ſingle and round to the bare eye; but through a 


change in their colour or ſituation. At 25 min. | | 


Stars was hid by the dark edge of the Moon; and 


ſphere round the Moon; for then, one of the Stars 
falling obliquely into it before the other, ought by 
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67. But from one half of the Moon, the Earth 
is never ſeen at all: from the middle of the other 
half, it is always ſeen over head; turning round al- 


From the circle which limits our view of the Moon, 
only one half of the Earth's ſide next her is feen ; 
the other half being hid below the Horizon of all 


be the biggeſt body in the Univerſe; for it ap- 


58. The Moon has no Atmoſphere of any viſi- 
ble denſity ſurrounding her as we have: for if ſhe 
had, we could never ſee her edge ſo well defined 
as it appears; but there would be a ſort of a mitt 
or hazineſs around her, which would make the 
Stars look fainter, when they are ſeen through ir. 
But obſervation proves, that the Stars which diſap- 
pear behind the Moon, retain their full luſtre until 
they ſeem to touch her very edge, and then they 
yaniſh in a moment. This has been often obſerved 
by Aſtronomers, but particularly by Cassini * of 
the Star ꝙ in the breaſt of Virgo, which appears 


refracting Teleſcope of 16 feet appears to be two —·i 


Stars fo near together, that the diſtance between V 


them ſeems to be but equal to one of their appa- # 
rent diameters. The Moon was obſerved to paſs | 
over them on the 21ſt of April, 1720, N. S. and as 
her dark edge drew near to them, it cauſed no 


14 ſec. paſt 12 at night, the moſt weſterly of theſe Y 


in 30 ſeconds afterwards, the moſt eaſterly Star was 
hid : each of them diſappearing behind the Moon 
in an inſtant, without any preceding diminution 
of magnitude or brightneſs; which by no means 
could have been the caſe if there were an Atmo- 


* Memoires d Acad. ann, 1 720. A | 
refraction 
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refraction to have ſoffered ſome change in its co- 
lour, or in its diſtance from the other Star which : 
was not yet entered into the Atmoſphere. But ho 
ſuch alteration could be perceived, though the ob- 
ſervation was performed with the utmoit atrention 
to that particular; and was very proper to have 
made ſuch aUiſcovery.. The faint light, which has 
been ſeen all round the Moon, in total Eclipſes of 
the Sun, has been obſerved, during the time of 
darkneſs, to have its center coincident with the 
center of the Sun; and was therefore much more 
likely to ariſe from the Atmoſphere of the Sun, 
than from that of the Moon; for if it had been 
owing to the latter, its center would have go 7 22 
along with the Moon's. 0s e 
59. If there were ſeas in the Wen e could . 
have no clouds, rains, nor ſtorms, as we have; 
becauſe ſne has no ſuch Atmoſp hre to ſupport 
the vapours which occaſion them. And every one 
knows, that when the Moon is above our Horizon 
in the night-time, ſhe is viſible, unleſs the clouds 
of our Armoſphere hide her from our view; and 
all parts of her appear conſtantly with the ſame 
clear, ſerene, and calm aſpect. But thoſe dark Ste is fall 
parts of the Moon, which were formerly thought wag 
to be ſeas, are now found to be only vaſt deep pits. 
cavities, and* places which reflect not the Sun's 
light fo ſtrongly as others, having many“ caverns 
and pits, whoſe ſhadows fall within them, and are 
always dark on the ſides next the Sun; which de- 
monſtrates their being hollow: and moſt of theſe 
pits have little knobs like hillocks ſtanding within 
them, and caſting ſhadows alſo; which cauſe theſe 
places to appear darker than others which have 
fewer, or leſs remarkable caverns. All theſe ap- 
pearances ſhew that there are no ſeas in the Moon; 
for if there were any, their ſurfaces would appear 
ſmooth and even, like thoſe on the Earth. 
60. There being no Atmoſphere about the The Stars 
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Moon, the heavens in the day-time have the ap- git e 
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pearance of night to a Lunarian who turns 2 
back toward the Sun; and when he does, the Stars 
appear as bright to him as they do in the night to 
us. For, it is entirely owing to our Atmoſphere 
that the Heavens are bright about us in the day. 
61. As the Earth turns round its. Axis, the 
1 55 ſeveral continents, ſeas, and iſlands appear to the 
. Moon's inhabitants like ſo many {pots of different 
forms and brightneſs, moving over its ſurface ; 
but much fainter at ſome times s than others, as our 
The Earth clouds cover them or leave them. By theſe ſpots 
* don, the Lunarians can determine the time of the 
. Earth's diurnal motion, juſt as we do the motion 
of the Sun: and perhaps they meaſure their ti me 
by the motion of the Earth's ſpots ; for they can- 
not have a truer dial. IIS 
62. The Moon's Axis is ſo nearly perpe endicular 
to the Ecliptic, that the Sun never removes ſen- 
ſibly from her Equator: and the“ obliguity of i 
her Orbit, which is next to nothing as ſeen from 


N 
mrs” 
3 6: 4 


the Sun, cannot cauſe the Sun to "Uecline ſenſibly $ 

How the from her Equator. Yet her inhabitants are not 
om deſtitute of means for aſcertaining the length of 
"the oeh their year, though their method and ours muſt i 


or Berye*- differ. For, we can know the length of our 

year by the return of our Equinoxcs 3 but the 
Lunarians, having always equal day and night, 
mult. have recourſe to another method; and we | 
may ſuppoſe, they meaſure their year by obleru! Ng 3 
when either of the Poles of our Earth begins to 
be enlightened, and the other ro diſappear, Which 
5 always at our Equinoxes; they EIS conve- 
niently ſituated for obſerving great tracks of land 
about our Earth's Poles, which are entirely un- 
known to us. Hence we may conclude, that the 
year 18 5 Of the ſame abſolute length both to the _ 
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* The Moon's Orbit croſſes the Ecliptic in two or debate 4 
points, called the Moon's Node“; ſo that ore half of het Orbit 1 
is above the Ecliptic, and the other half . it. The Angle of 5 
its Obliquity is 53 degrees. 25 „„ 3 
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Falch and Moon, though very different as to the 


number of days: we having 368 natural days, 
and the Lunarians only 12 every day and nn 
1n the Moon being as long as 297 on the Earth. 
63. The Moon” s inhabitants on the fide next 
the Earth may as eaſily find the longitude of their 
laces as we can find the latitude of ours. For 
the Earth keeping conſtantly, or very nearly ſo, 


over one Meridian of the Moon, the eaſt or weſt 
diſtances of places from that Meridian are as eaſily 


found, as we can find our diſtance from the 


Equator by the Alcttude of our Hauer Poles. 


64. The Planet Mans is next in : onder; being 
the firſt above the Earth's Orbit. His diſtance 
from the Sun is computed to be 125 millions of 
miles; and by travelling at the rate of 47 thou- 


25 
pl. ATE I. 


and the lo 
gitudes Þ ah 
their places. 


5 


Mars. 


ſand miles every hour, as in the circle 3, he goes Fig, 1 


round the Sun in 686 of our days and 23 hours; 
which is the length of his year, and contains 6674 
'of his days; every day and night together being 
40 minutes longer than with Fe . His diameter is 
4444 miles, and by his diurnal rotation the inha- 
bitants about his Equator are carried 556 miles 
every hour, His quantity of light and heat is 
equal but ro one half of ours; and the Sun e 


but half as big to him as to us. 


65: This Planet being but a fifth part ſo big as 
the Earth, if any Moon attends him, ſhe mut be 
very ſmall, and has not yet been diſcovered by 
our beſt teleſcopes. He is of a fiery red colour, 
and by his Appulſes to ſome of the fixed Stars, 
ſcems to be encompaſſed by a very groſs Atmo- 
| ſphere. He appears ſomerimes gibbous, but never 
| horned; which both ſhews that his Orbit includes 


the Earth's within! it, and that he ſhines not by his 
own Int 
66. "To Mars, our Earth and Moon appear 
like two Moons, a bigger and a leſs; changing 
places wich one another, and appearing ſometimes : 
FI Q | horned, 


His Atmo- 
ſphere and 
phaſes. 


26 


; Ho the 


ether Pla- 


' nets appear 


to Mars, 


Jupiter. 


Fig. J. 


The num- 
ber of days 
in his year. 


ried 25 thouſand 920 miles every hour 


motion. 


His Belts 
and pots. 


of our years 314 days and 12 hours. 
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- horned, ſometimes half or three quarters illumi- 
nated, but never full; nor at moſt above one 
quarter of a degree from each other, although 
ay are 240 thouſand miles aſunder. 
67. Our Earth appears almoſt as big to Mars 
as Venus does to us, and at Mars it is never ſeen 
above 48 degrees from the Sun; ſometimes it 
appears to paſs over the Diſc of the Sun, and fo 
do Mercury and Venys : But Mercury can never 
be ſeen from Mars by ſuch eyes as ours, unaſſiſted 
by proper inſtruments; and Venus will be as ſel- 
dom ſeen as we ſee Mercury. Jupiter and Saturn 
are as viſible to Mars as to us. His Axis is per- 
pendicular to the Ecliptic, and his Orbit is two | 
degrees inclined to it. | 


68. J UPITER,. the biggeſt of all the Planets, is 
Rill higher in the Syſtem, being about 426 mil- 
lions of miles from the Sun: and going at the rate 
of 25 thouſand miles every hour in his Orbit, as 
in the circle u, finiſhes his annual period in eleven 
He 1s above 
1000 times as big as the Earth, for his diameter 
is $1,000 miles; which is more than ten times the 
diameter of the Earth. 'M 
69. Jupiter turns round his Axis in 9 hours 56 
minutes; ſo that his year contains 10 thouſand 
470 days; and the diurnal velocity of his equato- 
real parts is greater than the ſwiftneſs with which 
he moves in his- annual Orbit; a ſingular circum- 1 
ſtance, as far as we know. By this prodigious 

uick Rotation, his equatoreal inhabitants are car - 
(which is 
920 miles an hour more than an inhabitant of our 
Earth's equator moves in twenty-four hours), be- 1: 
| fides the 25 thouſand above-mentioned, which is 
common to all parts of his ſurface, by his annual 


Kos” 
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70. Jupiter 1s range by faint ſubſtances, 


called Belts, in ; which ſo many changes appear, 4 
that 
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A | that they are generally thought to be clouds: for 
XZ ſome of them have been firſt interrupted and bro- 
9 ken, and then have vaniſned entirely. They have 
XZ fometimes been obſerved of different breadths, and 
X afterwards have all become nearly of the ſame 
XZ breadth. Large ſpots have been ſeen in theſe 
Belts; and when a Belt vaniſhes, the contiguous 
== ſpots diſappear with it. The broken ends of ſome 


WRT 


Belts have been generally obſerved to revolve in . 


the ſame time with the ſpots: only thoſe nearer 
the Equator in ſomewhat leſs time than thoſe near 
the Poles; perhaps on account of the Sun's greater 
heat near the Equator, which is parallel to the 
Belts and courſe of the ſpots. Several large ſpots, 
wich appear round at one time, grow oblong by 
degrees, and then divide into two or three round 


i ſpots. The periodical time of the ſpots near the 
Equator is 9 hours 50 minutes, but of thoſe near 
the Poles 9 hours 56 minutes. See Or. SmiTH's 
Optic F 1004, & ſeq. : 

| 'E 71. The Axis of Jupiter is ſo nearly perpendi- He has no 
- FF cular to his Orbit, that he has no ſenfible change ? 
4 5 


of ſeaſons; which 1s a great advantage, and wiſely 

ordered by the Author of Nature. For, if the 
Axis of this Planet were inclined any conſiderable | 
number of degrees, juſt ſo many degrees round 
each Pole would in their turn be almott fix of our 
years together in darkneſs. And, as each degree 
1 of a great circle on Jupiter contains 705 of our 
i miles at a mean rate, it is eaſy to judge what vaſt 
tracks of land would be rendered uninhabitable by 
any conſiderable inclination of his Axis. | 
S 72. The Sun appears but Arth part ſo big to but has four 
r Jupiter as to us; and his light and heat are in the Moons. 
lame ſmall proportion, but compenſated by the 
s quick returns thereof, and by four Moons (ſome 
1] bigger ard ſome leſs than our Earth) which re- 

FF volve about him: ſo that there is ſcarce any part 
S> of this huge Planet but what is during the whole 
„ night enlightened by one or more of theſe Moons, 
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_ except his Poles, -whence only-the fartheſt Moons 
can be ſeen, and where. light is not there wanted, 

becauſe the Sun conſtantly circulates in or near the 

Horizon, and is very probably kept in view, of 

both Poles by the reſraction of Jupiter's Atmo- 
ſphere, which, if it be like ours, has certainly re- 

fractive power enough for that purpoſe. 

Their . „ 73. The Orbits of theſe Moons are repreſented 
yo ogg in the Scheme of the Solar Syſtem by four ſmall 

Circles marked 1, 2, 3, 4, on Jupiter's Orbit U 

but they are drawn fifty times too large in propor- 

tion to it. The, firſt Moon, or that neareft, ro 

" Jupiter, goes round him in 1 day 18 hours, and 36 

minutes of our time: and -1s..229 thouſand miles MF 

- diſtant from, his center: The, ſecond performs. its 8 

revolution in three days 13 hours and 15 minutes, 

at 364 thouſand miles diſtance: The third in 7 

days 3 hours and 59 minutes, at the diſtance. of 8 

589 thouſand. miles; And the fourth, or outer- 

mo, in 16 days 18 hours and 30 minutes, at the 

al dliſtance of one million of miles from his center. 

Freer gf, 74. The Angles under which the Orbits of Jupi- WM 

FT W ter's Moons are ſeen from the Earth, as its mean 

1 1 diſtance, from Jupiter, are as follow: The, firſt, 1 

FF th 3.550; the ſecond, 6 14: z. the third, 9 58”; and 

6 ee 17: 30. And their diſtances from | 7 0 

Jupiter, meaſured by his ſemidiameters, are thus: 

How he am The firſt, 87; the ſecond, 9; the third, 14223 1 

Link et and the. fourth, 2544 *, This Planet, ſeen from 4 | 

Moon, its neareſt Moon, ears oo times as 1 25 as 
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an er monghly ſhapes, every. rr eee 1 3 Ii 
Two ens 57g, Jupiter's three neareſt Moons fall into his a 


0! Cs "veri-s 


„de by the hadoy, and are eclipſed in every Revolution: bu: 
E-tipe of the Orbit of che fourth Moon is ſo much inclined, 
eee. that it paſſeth by its oppoſition to Jupiter, with 

out falling into his. ſhadow, two years in every ſix. 


By theſe Eeliples, Af gerr have not 911 di 
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covered that the Sun's light takes up eight minutes PLATE I. 
of time in coming to us; but they have alſo deter- 

| X mined the longitudes of places on this Earth with 
greater certainty and facility, than by any other 
method yet known; as ſhalt be explained in the 
; eleventh Chapter. fp e b 
* 76. The difference between the Equatoreal and ee 
Polar diameters of Jupiter is 62 30 miles; for his between the 
e dustoreal diameter is to his polar, as 13 bo 12. Favored 
So that his Poles are 3115 miles nearer his center giameters os 
4 than his Equator is. This reſults from his quick Jepiter. 

- motion round his Axis; for the fluids, together 
8 

8 


* 
* 
* 


; 


with the light particles, which they can carry or 


XZ waſh away with them, reced* from the Poles which 


are at reſt, towards the Equator where the motion 
yy = — 2 40 þ . 8 
is quickeſt, until there be a fufficient number ac- 
4 cumulated to make up the deficiency of gravity 
loſt by the centrifugal force, which always ariſes 
from a quick motion round an axis: and when the 
= deficiency of weight or gravity of the particles is 
made up by a fuffictent accumulation, there is an 
ezuilibrium, and the equatoreal parts riſe no higher. 
. Our Earth being but a very ſmall Planet compared The differ- 
d to Jupiter, and its motion on its Axis being much in dbeſg ef 
flower, it is leſs flattened of courſe: for the differ- our Earth. 
ence between its equatoreal and polar diameters is 
. only as 230 to 229, namely, 36 miles *. | 
+ 4 77. Jupiter's Orbit is 1 degree 20 minutes in- Place of his 
n 2X clined to the Ecliptic. His North Node is in the Nodes. 


W  * According to the French meafores, a Degree of the Me- 
= | ridian at the Equator contains 340506468 French Feet: and 
a Degree of the Meridian in Lapland contains 344027. 40: 
1: ſo that a Degree in Lapland is 4020.72 French Fee: (or 
d. 4:80.02 Engliſh Feet) longer than a Degree at the Equator. 
i Lhe difference is 188 paris of an. Eagliſh Mile. Hence, the 
h- Earth's Equatorial Diameter contains 39386196 French Feet, 
ix. or 41920356. Engliſh ; and the Polar Diameter 39202920 
F — French Feet, or 41731272 Engliſn. So that the Equatoreal 
- Diameter is 195084 Engliſh” Feet, or 46.948 | B-gliſh Miles, 

* longer than the Axis. | 1 £ 
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Of. the Solar Syſtem. | 
5th degree 6 Cancer, and his South Node in the 
7th degree of Capricorn. 


78. Sarvan, the remoteſt of all the Planets, 
is about 780 millions of miles from the Sun; and, 
travelling at the rate of 18 thouſand miles every 
hour, as in the circle marked h, performs its an- 
nual circuit in 29 years 167 days and 5 hours of 
our time; which makes only one year to that Pla- 
net. Its diameter is 67,000 miles: and therefore 
it is near 60 times as big as the Earth. 

79. This Planet is ſurrounded by a thin broad 


Ring, as an artificial Globe is by a Horizon. The 


Ring appears double when ſeen through a good 
teleſcope, and is repreſented by the figure in ſuch 
an oblique view as it is generally ſeen. IE is in- 
clined zo degrees to the Ecliptic, and is about 21 
thouſand miles in breadth; which is equal to its 


diſtance from Saturn on all ſides. There is reaſon 


to believe that the Ring turns round its Axis, be- 


cauſe, when it is almoſt edoe-wiſe to us, it appears 


ſomewhar thicker on one fide of the Planet than on 


the other; and the thickeſt, edge has been ſeen on 


different ſides at different times. But Saturn hav- 


ing no viſible ſpots on his body, whereby to deter- 


mine the time of his turning round his Axis, the 
jength of his days and nights, And, the Poſition of 
his Axis, are unknown 1 

80. To Satorn, the Sun appears only th part 
fa. big, as to us; and the light and heat he receives 
from the Sun are in the ſame. Proportion to ours. 
But to compenſate for the ſmall quantity of ſun- 
light, he has five Moons, all going round him on 

« outſide, of his Ring, and nearly. in the ſame 

alane with it. The firſt, Or n l Moon. to Sa- 
turn, goes round him in 1 day 21 hours 19 mi- 
nutes; and is 140 thouſand miles from his center: 
The ſecond, in 2 days 17 hours 40 minutes; at 


the diſtance of 187 thouſand miles: The chird, in 


4 days 
1 ; 
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Xx 4 55 12 hours 25 minutes; at 263 thouſand miles 

diſtance: The fourth, in 15 days 22 hours 41 mi- 

nutes; at the diſtance of 600 thouſand miles: And 

the fifth, or outermoſt, at one million 800 thou- 

7 ſand miles from Saturn's center, goes round him in 

X 79 days 7 hours 48 minutes. Their Orbits in the Fig. I, 

Scheme of the Solar Syſtem ' are repreſented by the 

five ſmall circles, marked 1. 2. 3. 4. 5. on Saturn's 

Orbit; but theſe, like the Orbits 07 the other Sa- 

1 tellites, are drawn fifty times too large in propor- 

tion to the Orbits of their Primary Planets. 

81. The Sun ſhines almoſt fifteen of our years 

6 | together on one ſidezof Saturn's Ring withour ſet- 

ting, and as long on the other in its turn. So 

9 that the Ring is viſible to the inhabitants of that 

Planet for aloft fifteen of our years, and as long 

T inviſible by turns, if its Axis has no inclination to 

its Ring: but if the Axis of the Planet be inclined His Axis 

to the Ring, ſuppoſe about 30 degrees, the Ring fend 

will appear and diſappear once every natural day to bis Ring. 

all the inhabitants within 30 degrees of the Equa- 
tor, on both ſides, frequently eclipſing the Sun in 

a Saturaian day. Moreover, if Saturn's Axis be 

ſo inclined to his Ring, it is perpendicular to his 

Orbit; and thereby the inconvenience of different 
ſeaſons to that Planet is avoided. For conſidering 

© the length of Saturn's year, which is almoſt equal 

to thirty of ours, what a dreadful condition muſt 

the inhabitants of his Polar regions be in, if they 

be half that time deprived of the light and heat of 

the Sun? which is not their caſe alone, if the Axis 

Jof the Planet be perpendicular to the Ring, for 

then the Ring muſt hide the Sun from vaſt tracks 

Jof land on each fide of the Equator for 13 f 14 

Jof our years tog ether, on the ſouth ſide and notch 

ſide by turns, as the Axis inclines to or from the 

Sun: the rev erle of which inconvenience is another 

good preſumptive proof of the Inclination of Sa- 

1 turn's Axis to its Ring, and alfo of his Axis be- 

4 ing e to his Orbit. 


82. This 
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How b 32. This Rings ſeen from Saturn, appears liks 
N a vaſt luminous Arch in the Heavens, as if it did 
zur and to not belong to the Planet. When we ſce the Ring 
WM moſt open, its ſhadow upon the Planet is broadeſt; 
and from that time the ſhadow grows narrower, as 
the Ring appears to do to us; until, by Saturn's 
annual motion, the Sun comes to the Plane of the 
Ring, or even with its edge; which being then 
directed towards us, becomes inviſible on account 
of its thinneſs; as ſhall be explaihed more largely 
in the tenth Chapter, and illuſtrated by a figure: 
3 The Ring diſappears twice in every annual Revo- 
appear o lution of Saturn, namely, when he is in the 19th 
e degree both of Piſces and of Virgo. And when 
nit Saturn is in the middle between theſe points, or in 
Signs it *Þ the 19th degree either of Gemini or of Sagittarius, 
eos ws, his Ring. appears moſt open to us; and "then Its. 
| longeſt diameter is to its ſhorteſt, as 9 to 4. 

No Planet 83. To ſuch Eyes as ours, unaſſiſted by luke 
dur deen ments, Jupiter is the only Planet that can be ſeen 
from Jupi- from Saturn; and Saturn the only Planet that can 
rerz nor" be ſeen from Jupiter. So that the inhabitants of 
defides Ju- theſe two Planets mult either ſee much farther than 
ren. we do, or have equally good inſtruments to carry | 
their fight to remote objects, if they know that 
there is ſuch a body as out Earth in the Univerſe: 
for the Earth is no bigger ſeen from Jupiter, than 
his Moons are ſeen from the Earth; and if his 
large body had not firſt attracted our ſight, and 
prompted our curioſity to view him with a tele- 1 
ſcope, we ſhould never have known any thing of his 
Moons ; unleſs by chance we had directed the te- 
leſcope toward that ſmall part of the Heavens where | 
they were at the time of obſervation. And the 

like is true of the Moons of Saturn. 
re- or 84. The Orbit of Saturn is 23 degrees inclined 
Notes, to the Ecliptic, or Orbit of our Earth, and inter - 3 
ſes it in the 21ſt degree of Cancer and of Capri- 
corn; ſo that Saturn's 8 Nodes are Poly * degrees | 
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85. The quantity of light afforded by the Sun The Sun's 


to Jupiter, being bor zh part, and to Saturn —— 
only th part, of what we enjoy; may at firſt E 
thought induce us to believe that theſe two Planets ;, generally 
are entirely unfit for rational beings to dwell upon; believed. 
But, that their light is not ſo weak as we imagine, 

is evident from their brightneſs in the night- time; 

and alſo from -this remarkable Phenomenon, that 

when the Sun is ſo much eclipſed to us, as to have 

only the 4oth part of his diſc left uncovered by 

the Moon, the decreafe of light is not very ſenſi- 

ble: and juſt at the end of darkneſs in Total Eclip- 

ſes, when his - weſtern limb begins to be viſible, 

and ſeems no bigger than a bit of fine ſilver wire, 

every one is ſurprized at the brightneſs wherewith 

that ſmall part of him ſhines, The Moon when 

Full affords travellers light enough to keep them 

from miſtaking their way; and yet, according. to 

Dr. Surg“, it is equal to no more than a go 

XZ thouſandth part of the light of the Sun: that is, 
the Sun's light is go thouſand times as ſtrong as the 

hight of the Moon when Full. Confequently, the 

Sun gives a thouſand times as much light to Saturn 
as the Full Moon does to us; and above three 

thouſand times as much to Jupiter. So that theſe 

XX two Planets, even without any Moons, would be 

much. more enlightened than we at firſt imagine; 

and by having ſo many, they may be very com- 

fortable places of reſidence. Their heat, ſo far as 

it depends on the force of the Sun's rays, is cer- 

tainly much lefs than ours; to which no doubt the 

bodies of their inhabitants are as well adapted as 

ours are to the ſeaſons we enjoy. And if we con- 

deſider, that Jupiter never has any winter, even at 
his Poles; which probably is alſo the caſe with Sa- 

turn, the cold cannot be ſo intenſe on theſe two 

7 Planets as is generally imagined. Beſides, there 

i. x may be ſomething in the nature of their mould 

warmer than in that of our Earth: and we find that 


Optics, Art. 95. | 
D all 
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All eut beat all our heat depends not on the rays of the Sun; 

bent sene for if it did, we ſhould always have the ſame 
un's 

1058. months equally hot or cold at their annual returns, 

EH But it is far otherwiſe, for February is ſometimes 

warmer than May; which muſt be a to va- 


pours and exhalations from the Earth. 


86. Every derſor who an and compares 
the Syſtems of Moons together, which belong to 
Jupiter and Saturn, muſt be amazed at the vaſt 
magnitude of theſe two Planets, and the noble at- 

tendance they have in reſpect of our little Earth: 
and can never bring himſelf to think, that an infi- 
nitely wiſe Creator thould diſpoſe of all his animals 
and vegetables here, leaving the other Planets 
It is bighly bare and deſtitute of rational creatures. To ſup- 
kt the poſe that he had any view to our benefit, in cre- 
bare ue ating theſe Moons, and giving them their motions 
ted. -round- Jupiter and Saturn; to imagine that he in- 
tended theſe” vaſt Bodies for any advantage to us, 
Wen he well knew that they could never be ſeen 
but by a few Aſtronomers peeping through tele- 
ſcopes; and that he gave to the Planets regular re- 
turns of days and nighes, and different ſeaſons to 
alk where they Wufdebe convenient; but of no 
nanher of ſerviee to us; except only what imme- 
iatèly regards our own Planet the Earth; to ima- 
gine, T day, thut he did all thiston our account, 
would he charging hien impiouſiy with having done 
moch zi vin: andes abſord, as to imagine that 
be has created à little Suntand a Planetary Syſtem 
Within the ShelÞ'6f ohr Earth, and intended them 
1 u Theſe confi derations amount to little 
fels than a 175 tive proof, that all the Planers are 
inhabited 1 for if they are-noty Why all this care in 
furniſhing them with-ſo many Moons, to ſupply 
_ thoſe with ligkt which are at the greater diſtances 
from the Son? Do we not ſee, that the farther a 
Planet is from the Sun, the greater Apparatus it 
has for that purpolc : : ſave. only Mars, which be- 
ing 
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ing but a ſmall Planet, may have Moons too ſmall Prarz 1. 
to be ſeen by us. We know that the Earth goes 
round the Sun, and turns round its own Axis, to 
produce the viciſſitudes of ſummer and winter by 
the former, and of day and night by the latter mo- 
tion, for the benefit of its inhabitants. May we 
not then fairly conclude, by parity of reaſon, that 
the end and deſign of all the other Planets: is the 


B ſame? and is not this agreeable” to the beautiful 
harmony which exiſts throughout the Univerſe 2? 
Z Surely it is: and raiſes in us the moſt magnificent 


ideas of the SUPREME BEING, who is every 
where, and at all times preſent; diſplaying his 
power, wiſdom, and goodneſs, among all his crea- 


* cures! and diſtributing happineſs to innumerable. 


ranks of various beings). 67-0 3177155 


87. In Fig. ad, we have a view of the propor- Fig. 11. 
tional breadth of the Sun's face or diſc, as ſeen gon b 
from the different Planets. The ſvn is repreſented io te diffe- 
Ne 1, as ſeen from Mercury; N' 2, as ſcen 
from Venus; N? 3, as ſeen from the Earth; Ne,, 


and N- 6, as ſeen from Saturn. : 


Tt ce 


v 


Let the circle B be. the Sun as ſeen. from any Fig, III. 


Planet at a given diſtance; to another Planet, at 
double that diſtance, the Sun will appear juſt of 
half that breadth, as 4; which contains only one 
fourth part of the area or ſurface of B. For, all 


circles, as well as ſquare ſurfaces, are to one ano- 
ther as the ſquares of their diameters. Thus, the 


ſquare A is juſt half as broad as the ſquare B; and Fig. . 
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yet it is plain to ſight, that B contains four times 
as much furface as A. Hence, by comparing the 


XZ diameters of the above Circles (Fig. II.) together, 
it will be found, that in round numbers, the Sun 
appcars 7 times larger to Mercury than to us, go 


times larger to us than to Saturn, and 630 times 


as large to Mercury as to Saturn. 


D 2 „ 


Sun appears 
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PLATE? 88. In Fig. zth, we have a view of the bulks of 

Fig. V the Planets in proportion to each other, and to a 
„ ſuppoſed globe of two feet diameter for the Sun. 
WY © Proportion- The Earth is 27 times as big as Mercury, very 
1 Abend tte bigger than Venus, 5 times as big as Mars; 0 


diſtances of 


the Planets, but Jupiter is 1049 times as big as the Earth, Sa- 
turn 386 times as big, excluſive of his Ring; and 

the Sun is 877 thouſand 650 times as big as the 
Earth. If the Planets in this Figure were ſet at 

their due diſtances from a Sun of two feet diame- 

ter, according to their proportional bulks, as in 

our Syſtem, Mercury would be 28 yards from the 

Sun's center; Venus 51 yards 1 foot; the Earth 

70 yards 2 feet; Mars 107 yards 2 feet; Jupiter 

370 yards 2 feet; and Saturn 760 yards 2 feet. 
The Comet of the year 1680, at its greateſt dif- 
tance, 10 thouſand 760 yards. In this proportion, 

the Moon's diftance from the center of the Earth 7 

| would be only 7 inches. 5 Tn 
An idea of 89. To aſſiſt the imagination in forming an idea 


meir die. of the vaſt diſtances of the Sun, Planets, and Stars, 


would reach the Orbit of Mercury, 3. years 221 
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to know the characters without ſeeing the names. 


bounding the Solar Syſtem; to which the charac- * 
ters of the ſigns are ſet in their proper places. 


long tranſparent trains or tails, iſſuing from that 
ſide which is turned away from the Sun. They 

move about the Sun in very eccentric ellipſes; and 

are of a much greater denſity than the Earth; for 

ſome of them are heated in every period to ſuch a 

degree, as would vitrify or diſſipate any ſubſtance 
known to us. Sir Isaac NewToNn computed the 

heat of the Comet which appeared 1n the year 
1680, when neareſt the Sun, to be 2000 times hot- 

ter than red-hot iron, and that being thus heated, 
it muſt retain its heat until it comes round again, 
although its Period ſhould be more than twenty 

thouſand years; and it is computed to be only 575. 

The method of computing the heat of bodies, 

Keeping at any known diſtance from the Sun, ſo 

far as their heat depends on the force of the Sun's 

rays, 1s very eaſy; and ſhall be explained in the 

eighth Chapter, _ „ 


3 
„ 
1 . 


neated in the Scheme of the Solar Syſtem, and the 
years marked in which they made their appearance. 


ſhould be perfectly well acquainted with; ſo as pLATE 1. 


Each ſign contains 30 degrees, as in the Circle rig.1. 


92. The Comtrs are ſolid opaque bodies, with The Co- 


mets, 


93. Part of the Paths of three Comets are deli- ig. 1. 


It is believed, that there are at leaſl 21 Comets be- They prove 
longing to our Syſtem, moving in all ſorts of direc- {ht the Ore 
X tions: and all thoſe which have been obſerved, Planets are 


have moved through the ethereal Regions and the ot lid. 


= Orbits of the Planets, without ſuffering the leaſt 
ſenſible reſiſtance in their motions ; which plainly 
proves that the Planets do not move in ſolid Orbs. 


certainty. The firſt of theſe Comets appeared in 


S the years 1531, 1607, and 1682; and is expected 
; to appear again in the year 1758, and every 75th 


D3 year 


- 7 Of all the Comets, the Periods of the above men- The Periods 


tioned three only are known with any degree of 2*\yofthree 
| © ate known, 


— * * ; Bs E. - = —— „rr — FE IO OO — —. FRONT) 
pee an) 8 — . EE 5 IN REEL PRAC —— — eee os IX RY 
— Dr NT EI an F ²˙ w WOO m REIT ITO > 2 3 — TIT — 
N : . —ͤ—[U—˙ Gt open 8 . ͥͥ ¹ ⁵ͤ 1. ³·¹ wWWW-wͤ̃ͤͤͤͤ T. 
C Car Sogn 4» n ae * as, n — : x 


2 „ c 
ee amm 7 — » I 2 * 
. A r. ‚ . Ba Re ·˙ẽ . . AER ES 
— — — — - 
: 5 — hs . Mg — 


Of the Solar Syſtem, 
year afterwards. ' The ſecond of them appeared i in 
1532 and 1661, and may be expected to return in 
179, and every 129th year afterwards, The 
third, having laſt appeared in 1680, and its Period 
being no leſs than 575 years, cannot return until 
the year 2225. This Comet, at its greateſt diſ- 
tance, is 8 11 thouſand two hundred millions 
of miles from the Sun; and at its leaſt diſtance 
from the Sun's center, which is 49,000 miles, is 
within leſs than a third part of the Sun's ſemidia- 
meter from his ſurface, In that part of its Orbit 
which is neareſt the Sun, it flies with the amazing 
ſwiftneſs of 880,000 miles in an hour; and the 
Sun, as ſeen from it, appears an hundred degrees 

in breadth; conſequently 40 thouſand times as 
They prove large as he. appears to us. The aſtoniſhing length 


the Stars to 
de ati. that this Comet runs out into empty ſpace, ſug- 
ra. geſts to our-minds an idea of the yaſt diſtance be- 


tween the Sun and the neareſt fixed Stars; of whoſe 
ertractions all the comets muſt keep clear, to re- 
turn periodically, and go round the Sun; and it 
"Hy us alſo, that the nearelt Stars, Which are pro- 8 
bably thoſe that ſeem the largeſt, are as big as our 
Sun, and of the ſame nature with him; ot ile 7 
they, could not appear ſo large and bright to us as 

— "ek . At ſuch an, immenſe” diſtance.” - 


NR; l he ex rreme hear, the denſe axmoſf — the 
ra 44 ; *- 
the »bove grofs VAPOUrs, che chabtic ſtate of the Comets, 


t henomena, New at firſt fig lie af indicate them altogether unfit 
moſt miſerf 
Itation, for. rational bein 5 and therefore 
pions tha t the +l "ate ſo, many hells 
t er pert at viciſſi- | 


tor 0 bebte £8, 
_ le ha 
2:4: er are of © 
or. torment ing i nned \ WI 
tudes of hear El 8010, Büt w 'wher 
the Ot er hand, 4. the, infinite; powe Aud | 
34 the Jareet inglipine, EL enabling : 
him.to make creatures Caited 1 to all ſtates and cir- 
cumftances; that matter exiſts only for the ſake 
of intelligent beings ; and that wherever we find 


Mer. W HISTOR, in his ARronomical Priociples of Religion. 1 
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| «Of the Solar Syſtem. 


it, we always find it pregnant with life, or neceſ- 
ſarily ſubſervient thereto; the numberleſs ſpecies, 
the aſtoniſhing diverſity of animals in earth, air, 
water, and even on other animals; every blade of 
graſs, every tender leaf, every natural fluid, ſwarm- 


39 


ing vith life; and every one of theſe enjoying ſuch 


gratifications as the nature and ſtate of each re- 
quires: when we reflect moreover that ſome cen- 
turies ago, till experience undeceived us, a great 
part of the Earth was adjudged uninhabitable; the 
Torrid Zone, by reaſon of exceſſive heat, and the 
two Frigid Zones becauſe of their intolerable cold; 

it ſeems highly probable, that ſuch numerous and 
large maſſes of durable matter as the Comets are, 
however unlike they be to our Earth, are not deſ- 


titute of beings capable of contemplating with won 


der, and acknowledging with gratitude, the wiſe 


dom, ſymmetry and beauty of the Creation; 


which is more plainly to be obſerved in their 


extenſive Tour through, the Heavens, than in our 
more confined | Circuit. If. farther conjecture 7 wk 
mitted, may we not {ſuppoſe them inſtrumental in 
recruiting the expended. fuel of the Sun; and ſup- 

lying the: exhauſted. moiſture of. the Planets ? 
N dit cult it may be, circumſtanced as we 
are, to find out, their particular deſtination; This is 
an undouhte ed, i truth, that wherever the Deity ex- 


erts his «ore there | he. ;Alſo aa is dam 


odnel: I iy oi (17 01 1 wy + 12 
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is not 2 late invention; for it was known* and 
taoght by. the wiſe amian philoſopher PyTHaco- 


Ras, and others among the Ancients : but in latter 


times was laſt, till the 15th « century, When it was 
again reſtored by the famous Poliſh philpSpher, 
NicaoLavs Copzanieus, who was born at Thorn in 
the year 1473. In this, he was followed by the 
greateſt mathematicians and philoſophers that have 
lince lived; as KEPIER, GALILEO, DESCARTES, 

WS GaSSLNDUS, 
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This Syſtem 
very anci- 

ent, and des 
monſtrable. 
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Of the Ptolomean Glen. 


Gassenous, and Sir Isa Ac NEwrox; the laſt of 
whom has eſtabliſned this Syſtem on ſuch an ever- 
laſting foundation of mathematical and phyſical de- 
monſtration, as can never be ſhaken ; and none 
who underſtand him can heſitate about it. 


The Ptolo- 


mean Syſ- 


In the Ptolamean Syſtem, the Earth was ſup- 


tem abſurd, poſed to be fixed in the Center gf the Univerſe; 


and that the Moon, Mercury, Venus, 


the Sun, 


_ Mars, Jupiter, and Saturn, moved round the Earth; 
above the Planets, this Hypotheſis placed the Fir- 
mament of Stars, and then the two Chryſtalline 
Spheres; all which were included in and received 
motion from the Primum Mabile, which conſtantly 
revolved about the Earth in 24 hours from Eaſt to 
Weſt. But as this rude ſcheme was found 1nca- 
pable to ſtand the teſt of art and obſervation, it 
Vas ſoon rejected by all true philoſophers; not- 
withſtanding the oppplcion and violence of blind 


and zealous bigots. 


The Tycho- 
nic Syſtem, 
partly true 


falſe, 


97. The Tychbonic Syſtem 3 the Dinh, 
but was never fo generally received. 
. 35d partly Earth was ſuppoſed to ſtand ſtill in the Center of 

the Univerſe or Firmament of Stars, and the Sun 


In this the 


to revolye about it every 24 hours; the Planets, 
Mercury, Venus, Mars, Jupiter, and Saturn, go- 
ing round the Sun in the times r mentioned. 


But ſome of Tycuc's difci; 


to have à diurnal motion 


8 


Sun with all the above Planets. 


CO” 


poſed: the Earth 


ics Axis, and the 


to go round the 


Earth in a year; the Planers moving round the 


Son i in the foreſaid times. 


This 


hypotheſis, being 


| part true and partly falſe, was embraced. by few; 
d ſoon gave Way to the only true and rational 
87 ſtem, reſtored by Corn, and Ketten 


by Sir Isa AC NEwWTON. 


9 


98. To bripg the foregoing particulars: at 8 
in view, with ſeveral others whieh follow, concern- 
ing the Periods, Diſtances, Bulks, Sc. of the Play 


Nets, the following: Tibie 4 is inſerted, 1 89 
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42 The Copernican Syſtem demonſtrated to be truts 


CHAP. In. 


The C 0 OP E RNI CAN SYSTEM denorfrated 
to be true. 


ATTER is of felt hubs, and indif- 
ferent to motion or reſt, A body at reſt 
can never put itſelf in motion; a body in motion 

can never ſtop or move ſlower of itſelf, Hence, 

when we fee a body in motion, we conclude fome 

other ſubſtance muſt have given it that motion; 
When we ſee a body fall from motion to relt, we 
conclude ſome other body or cauſe ſtopt it. 
100. All motion is naturally rectilineal. A 

bullet thrown by the hand, or diſcharged from a 
cannon, would continue to move in the ſame di- 

rection it received at firſt, if no other power di- 

verted its, courſe. Therefore, when we ſee a body 
moving in a curve of whatever kind, we conclude 

it muſt be acted upon by two powers at leaſt : one 

to put it in motion, and another drawing it off 

from the rectilineal courſe which it would other- 

wiſe have continued to move in. 1 

Gravity de- TOI; The power by which bodies Fall townrds | 
mootrable, the Earth, is called Gravity or Attraction. By this 
power in the Earth it is, that all bodies, on what- 

ever ſide, fall in lines perpendicular to its furface. 

On oppoſite parts of the Earth bodies fall in oppo- 

ſite directions, all towards the center, where the 

whole force of gravity is as it wert accumulated. 

By this power conſtantly acting on bodies near the 

Earth, they are kept from leaving it altogether; 

and thoſe on its ſurface: are kept thereto on all 
ſides, ſo that they cannot fall from it. Bodies thrown | 

with any obliquity are drawn by this power from a 
ſtraight line into a curve, until they fall to the 
ground: the greater the force by which they are 1 
thrown, the greater is the diſtance they are carried 1 

before they fall. If we ſuppoſe a body carried 
ſeveral | 2 4 
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The Copernican Syſtem demonſtrated to be true. 43 
| ſeveral miles above the Earth, and there projected 
in an horizontal direction with ſo great a velvety, 
that it would moye more than a ſemidiameter of 
the Earth, in the time it would take to fall to the { 
Earth by gravity; in that caſe, if there were no 
reſiſting medium in the way, the body would not 
fall to the Earth at all, but continue to circulate 
round the Earth, keeping always the ſame path, 
and returning to the point from whence it was pro- 
jected with the ſame velocity as at; firſt. We, 
102. We find the Moon moves round the Earth Projefile 
in an Orbit nearly circular. The Moon therefore mondrabte, 
muſt be acted on by two powers or forces; one 
which would cauſe her to move in a right line, 
another bending her motion from that line into a 
curve. This attractive power muſt be ſeated in 
the Earth, for there is no other body within the 
Moon's Orbit to draw her. The attractive power 
of the Earth therefore extends to the Moon; and 
in combination with her projectile force, cauſes her 
to move round the Earth in the ſame manner as the 
circulating body above ſuppoſed. 


103. The Moons of Jupiter and Saturn are ob- The Sun 
ſerved to move round their primary Planets : there- ata eck 
fore there is an attractive power in theſe: Planets, ober. 
All the Planets move round the Sun, and reſpect 
it for their center of motion: therefore the Sun 
muſt be endowed with an attracting power, as well 
as the Earth and Planets. The like may be proved 
of the Comets. So that all the bodies or matter of 
the Solar Syſtem are poſſeſſed of this power; and 
perhaps ſo is alli matter whatſoe ver. 
* 104.* As the Sun attrhcts the Planets with their 

* Satellites; and the Earth the Moon, ſo the Planets 
and Satelſites re: attract the Sun; and the Moon the 
Earth; action and re-aCtion / being always equal, 

This is alſo confirmed by obſervation; for the 
Moon raiſes tides in the ocean, the Satellites and 
Planets diſturb one another's motions. 


105. Every 


4 * . 
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The Copernican Syſtem demonſtrated to le nue. 


. 405. Every particle of matter being poſſeſſed of 
an attrafting power, the effect of the whole mult 
be in proportion to the number of attracting parti- 
cles: that is, to the quantity of matter in the body. 
This is demonſtrated from experiments on pendu- 
lums: for, if they are of equal lengths, whatever 
their weights be, they always vibrate in equal times. 
Now, if one be double the weight of another, the 
force of gravity or attraction muſt be double to 
make It oſcillate with the ſame celerity: if one is 
thrice the weight or quantity of matter of another, 
it requires thrice the force of gravity to make it 
move with the ſame celerity. Hence it is certain, 
that the power of gravity is always proportional to 
the quantity of matter in bodies, whatever their 
bulks or figures are, 5 
106. Gravity alſo, like all other virtues or ema- 
nations, either drawing or impelling a body to- 
wards a center, decreaſes as the ſquare or the diſ- 
tance increaſes: that is, a body at twice the diſ- 
tance attracts another with only a fourth part of 
the force; at four times the diſtance, with a ſix- 
teenth part of the force, This too is confirmed 
from obſervation, by comparing the diſtance which 
the Moog falls in a minute from a right line touch- 
ing her Orbit, with the ſpace: which bodies near 
the Earth fall in the ſame time: and alſo by com- 
Cy: - Sore gl warty art oth + ne rar erty - 
paring the forces which retain Jupiter's Moons in 


o 


plained 


— 


their Orbits. This will be more fully ex 

| e TSS TOW OO ROO 1G 
A/ H „ 
. "The mutual attraction of bodies may be 
lien dae, exemplified by a boat and a ſhip on the Water, 
plifes, tied by a rope. Let a man either in a ſhip or boat 
pull the rope, (it is the ſame in effect at which end 


he pulls, for the rope will be equally ſtretched 
chrovghout) the ſhip and boat will be drawn to- 
wards one another; but with this difference, that 
the boat will move as much faſter than the ſhip, 
as the ſhip is heavier than the boat. Suppoſe the 
boat as heavy as the ſhip, and they will draw one 

| another 
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another equally (ſetting aſide the greater reſiſtance 


of the Water on the bigger body) and meet in the 
middle of the firſt diſtance between them. If the 
ſhip is a thouſand or ten thouſand times heavier 
than the boat, the boat will be drawn a thouſand 
or ten thouſand times faſter than the ſhip; and 
meet proportionably nearer the place from which 
the ſhip ſer out. Now, whilſt one man pulls the 
rope, endeavouring to bring the ſhip and boat to- 
gether, let another man, in the boat, endeavour to 
row it off ſideways, or at right angles to the rope; 
and the former, inſtead of being able to draw the 
boat to the ſhip, will find it enough for him to 
keep the boat from going further off; whilſt the 


* > latter, endeavouring to row off the boat in a ſtraight 


line, will, by means of the other's pulling it to- 


wards the ſhip, row the boat round the ſhip at the 


rope's length from her. Here the power em- 
ployed to draw the ſhip and boat to one another 
repreſents the mutual attraction of the Sun and 


2X Planets, by which the Planets would fall freely to- 
words the Sun with a quick motion; and would alſo 


in falling attract the Sun towards them. And the 


power employed to row off the boat repreſents the 
pProjectile force impreſſed on the Planets at right 
angles, or nearly ſo, to the Sun's attraction; by 
which means the Planets move round the Sun, and 


are kept from falling to it. On the other hand, if 
it be attempted to make a heavy ſhip go round a 


7 light boar, they will meet ſooner than the ſhip can 
get round; or the ſhip will drag the boat after it. 


108. Let the above principles be applied to the 
Sun and Earth; and they will evince, beyond a 
poſſibility of; doubt, that the Sun, not the Earth, 
1s the, center of the Syſtem ; and that the Earth 


moves round the Sun as the other Planets do. 


For, if the Sun moves about the Earth, the 


A ö Earth's attractive power muſt draw the Sun towards 
1 from the line of projection, ſo as to bend its 
4 wag ( | 


4 motion 


46 The Copernican Syſtem demonſtrated to be true. 
motion into a curve. But the Sun being at leaſt 

27 thouſand times as heavy as the Earth, by be- 
ing ſo much weighitier as its quantity of matter is 
greater, it muſt move 227 thouſand times as ſlowly 
toward the Earth, as the Earth does toward the 

Sun; and conſequently the Earth would fall to 
the Sun in a ſhort time, if it had not a very ſtrong 
projectile motion to carry it off. The Earth there- 

fore, as well as every other Flanet in the Syſtem, 
muſt have a rectilineal impulſe, to prevent its fall- 

The abſur- ing into the Sun. To ſay, that gravitation retains 
ee all the other Planets in their Orbits without affect- 
nn at ing the Earth, which is placed between the Orbits 
_ of Mars and Venus, is as abſurd as to ſuppoſe that 
ſix cannon-bullers might be projefted upwards 
to different heights in the Air, and that five of 

them ſhould fall down to the ground; but the 
ſixth, which is neither the higheſt nor the loweſt, * 

ſhould remain ſuſpended in the Air without falling, 1 
and the Earth move round about it. = 

109. There is no ſuch thing in nature as a heavy. 
body moving round a light one as its center. of 
motion. A pebble faſtened to a mill- ſtone by a 
ſtring, may by an eaſy impulſe be made to circu- 
late round the mill- ſtone: but no impulſe can 
make a mill - ſtone circulate round a looſe pebble, 
for the mill- ſtone would g0 220 and; 9 the 
pebble along with it. 

110. The Sun is to immenſeiy n Wer "Ol 
vier than the Earth“, that if he was moved out 
of his place, not only the Earth, but all the other 
Planets, if they were united into one maſs, would: 
be carried along with the Sun,, as che pane would. 
be with the mill-ſtone. 15001 5 

111. By conſidering the ht; 7 gravitation, 
which takes place throughout the Solar Syſtem, in 
another light, it will be evident that the Earth 
moves round the Sun in a year; and not the Sun 
round the Earth. It has been ſhewn (F 106) that 


2+; ti ®Ag, will be demonſtrated i in the Ninth Chapter. 
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The Copernican Syſtem demonſtrated to be true. #7 


ke power of gravity decreaſes as the ſquare of the The har. 
2X diſtance increaſes; and from this it follows with che eden 
mathematical certainty, that when two or more motions. 
bodies move round another as their center of mo- 
tion, the ſquares of their periodic times will be to 
one another in the ſame proportion, as the cubes 
of their diſtances from the central body. This 
holds preciſely with regard to the Planets round 
the Sun, and the Satellites round the Planets; the 
relative diſtances of all which, are well known. 
But, if we ſuppoſe the Sun to move round the 
Earth, and compare its period with the Moon's 
by the above rule, it will be found that the Sun 
vvould take no leſs than 173,510 days to move 
round the Earth, in which caſe our year would be 
475 times as long as it now is. To this we may : 
add, that the aſpects of increaſe and decreaſe of 
the Planets, the times of their ſeeming to ſtand 

*X fil}, and to move direct and retrograde, anſwer. 
preciſely to the Earth's motion; but not at all to 
the Sun's, without introducing the moſt abſurd and 
2X moaftrous ſuppoſitions, Which would deſtroy; all 
harmony, order, and ſimplicity in the Syſtem. 
Moreover, if the Earth be ſuppoſed ro ſtand ſtill, 

and the Stars to revolve in free ſpaces about the 
Earth in 24 hours, it is certain that the forces by 
which the Stars revolve in their Orbits are not di- 
rected to the Earth, but to the centers of the ſeve- 
2X ral Orbits; that is, of the ſeveral parallel Circles The abfur- 
which the Stars on different ſides of the Equator bat be 
deſcribe every day: and the like inferences may Star and 
be drawn from the ſuppoſed diurnal motion of the hs Tn 
Planets, (fince they are never in the Equinoctial but the'Eand. 
twice, in, their courſes with regard to the ſtarry 
no centraF body, on which they phyſieally depend, 
but to innumerable imaginary points in the Axe 
Fl of the Earth produced to the Poles of the Hea- 
vens, is an hypotheſis too abſurd to be allowed of 
by any rational creature. And it is ſtill more ab- 


we 


"SB - 4 ſurd 


tion an- 


exactly in proportion to the diſtances from this 


the Copernican Syſtem demonſtrated to be true. 
ſurd to imagine that theſe forces ſhould increaſe 


Axe; for this is an indication of an increaſe to in- 


Objections 
againſt the 
Earth's mo- 


ſwered. 


finity; whereas the force of attraction is found to 


decreaſe in receding from the fountain from whence 
it flows. But, the farther any Star is from the qui- 
eſcent Pole, the greater muſt be the Orbit which 
it deſcribes; and yet it appears to go round in the 
ſame time as the neareſt Star to the Pole does. 
And if we take into conſideration the two- fold mo- 
tion obſerved in the Stars, one diurnal round the 


Axis of the Earth in 24 hours, and the other round 


the Axis of the Ecliptic in 25920 years, 5 251, it 


would require an explication of ſuch a, perplexed 


compoſition of forces, as could by no means be re- 
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conciled with any phyſical Theory. 


112. There is but one objection of any weight 
that can be made againſt the Earth's motion round 
the Sun; which is, that in oppoſite points of the 
Earth's Orbit, its Axis, which always keeps a pa- 
rallel direction, would point to different fixed Stars; 
which is not found to be fact. But this objection 


is eaſily removed, by conſidering the immenſe diſ- 


tance of the Stars in reſpect of the diameter of the 
Earth's Orbit; the latter being no more than a 


point when compared to the former. If we lay a 


ruler on the fide of a table, and along the edge 
of the ruler view the top of a ſpire at ten miles diſ- 
tance; then lay the ruler on the oppoſite fide of 


the table in a parallel fituation to what it had be- 
s fore, and the ſpire will ſtill appear along the edge 
of the ruler; becauſe our eyes, even when aſſiſted 


ration of their light, and ſo exactly anſwering to 


by the beſt inſtruments, are incapable of diſtin- 


85174. De ſmall a change at ſo great a diftance. 


113. Dr. Brxapity, our preſent Aſtrbnomer 


Royal, has found by a long ſeries of the moſt ac- 


curate obſervations, that there is a ſmall apparent 


motion of the fixed Stars, occafioned by the aber- 


an 


even to a mathematical demonſtration, Thoſe 
who are qualified to read the Doctor's modeſt Ac- 
count of this great diſcovery, may conſult the Phi- 
& lo/ophical Tranſaftions, N' 406. Or they may find 
it treated of at large by Drs. Surir H“, Lone f, 
XZ Dtzsacuiizrs 2, Rur RHEZRTURTAH |, Mr. MacLau- 
RIN, and M. DE LA Call E DV. Ca Aodorh 
114. It is true that the Sun ſeems to change his 

place daily, ſo as to make a tour round the ſtarry 
"XX Heavens in a year. But whether the Sun or Earth 
moves, this appearance will be the ſame; for, 
hen the Earth is in any part of the Heavens, the 
Sun wilt appear in the oppoſite. And therefore, 


motion of the Earth. 

113. Ir is well known to every perſon who has 
ſailed on ſmooth water, or been carried by a ſtream 
in a calm, that however faſt the veſſel goes, he 
does not feel its progreſſive motion. The motion 
of the Earth is incomparably more ſmooth and uni- 
form than that of a ſhip, or any machine made and 
moved by human art: and therefore it is not to be 
imagined that we can feel its motion. 


116. We find that the Sun, and thoſe Planets 
on which there are viſible ſpots, turn round their 
Axes: for the ſpots move regularly over their 

Diſcs ff. From hence we may reaſonably con- 
clude that the other Planets; on which we ſee no 
ſpots, - and the Earth, which is likewiſe a Planet, 
have ſuch rotations. © But being incapable of leav- 
ing the Earth, and viewing it at a diſtance, and its 
rotation being ſmooth and uniform, we can neither 


: N Bit IK 425 1 54 L ITS #1 
Optics, B. I. 18. + Aſtronomy, B. II. 5 838. 
1 Philoſophy, Vol. I. p. 400. [Account of Sir liaze 
Ne witon's Philoſophical Diſcoueries, B. III. c. 2.4 3. 8 
—= ** Zlements d 4ſtronomie, 8 381. | = 


X +? The face of the Sun, Moon; or any Planet, as it appears 
o the eye, is called its Diſc, | | 


T, he Copernican Syſterh demonſtrated to be true. , 


an annual motion of the Earth, as evinces the ſame, 


this appearance can be no objection againſt the 


19 


Why the 


Sun ?ppeard 
to change 
his place, 


The Earth's 
motion on 
its Axis de- 
monftrateds 


4 be Copernican Syſtem denfrrated to be. irut. 


ſee it move on its Axis as we do the Planets, rior 


feel ourſelves affected by its motion. Yet there 


is one effect of ſuch a motion, which will enable us 


to judge with certainty whether the Earth revolves 
on its Axis or not. All Globes which do not turn 
round their Axes will be perfect ſpheres, on ac- 
count of the equality of the weight of bodies on 
their ſurfaces; eſpeeially of the Avid parts. But 
all Globes which turn on their Axes will be oblate 
ſpheroids ; that is, their ſurfaces will be higher, or 
farther from the center, in the equatorial chan in 
the polar Regions: for, as the equatorial parts 
move quickeſt, they will recede fartheſt from the 
Axis of motion, and enlarge the equatorial diame- 


ter. That our Earth is really. of this figure, is 


demonſtrable from the unequal vibrations of a 
pendulum, and the unequal lengths of degrees in 
different latitudes. Since then the Earth is higher 
at the Equator than ar the Poles, the ſea, which 
naturally runs downward, or towards the places 
which are neareſt the center, would run towards 
the polar Regions, and leave the equatorial parts 
dry, if the centrifugal force of theſe parts, by 
which the waters were carried thither, did not keep 


them from returning. The Earth's equatorial dia- 


meter is 36 miles longer than its Axis. 


All bodies 117. Bodies near the Poles are heavier than thoſe | 


beav er at 


the Fels towards the Equator, becauſe they are nearer the 

e - Earth's cen ter, where the whole force of the Earth's 

dhe Eguator. àttraction is accumulated. They are alſo heavier, 
becauſe their centrifugal force is leſs, on account 
of their diurnal motion being ſlower. For both 
theſe reaſons, bodies carried from the Poles toward 
the Equator, gradually loſe of their weight. Expe- 
riments prove that a pendulum, which E 56:1 
ſeconds near the Poles, vibrates flower near the 
Equator, which ſhews, that it is lighter or leſs 
attracted there. To make it oſcillate in the ſame 
time, it is found neceſſary to diminiſh its length. 
By comparing the different lengths of genaulums 
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The Copernitan Syſtem demonſtrated to be true. 51 
ſwinging ſeconds at the Equator and at London, it 

is found that a pendulum muft be 228 lines 
ſhorter at the Equator than at the Poles. A line 

is a twelfth part of an incg g . 

118. If the Earth turned round its Axis in 84 How = 
minutes 43 ſeconds, the centrifugal force would bene 
equal to the power of gravity at the Equator ; and weight. 
all bodies there would entirely loſe their weight. 

If the Earth revolved quicker, they would all fiy- 

9 /// . 

119. A perſon on the Earth can no more be ſen- The Earth?s 
ſible of its undiſturbed motion on its Axis, than abe gel. 
one in the cabin of a ſhip on ſmooth water can be 
ſenſible of the ſhip's motion when it turns gently; 

and uniformly round. It is therefore no argument; 

againſt the Earth's diurnal motion, that we do not 

feel it: nor is the apparent revolutions of the celeſ- 

tial bodies every day a proof of the reality of theſe. 
motions; for whether we or they revolve, the ap- 
pearance is the very ſame: A perſon looking 
through the cabin- windows of a ſhip as ſtrongly. 

fancies the objects on land to go round when the 

ſhip turns, as if they were actually in motion. 


120. If we could tranſlate ourſelves from Planet: 
to Planet, we ſhould ſtill find that the Stars would 
appear of the ſame magnitudes, and at the ſame 
diſtances from each other, as they do to us here: 
becauſe the width of the remoteſt Planet's Orbit 
bears no ſenſible proportion to the diſtance of the 
Stars. But then, the Heavens would ſcem to re- To the di- 
volve about very different Axes; and conſequent] ee e 
thoſe quieſcent. points, which are our Poles in Heavens ap- 


the Heavens, would ſeem to revolve about other een 


points, which, though apparently in motion as ſeen Jcif:renc 
from the Earth, would be at reſt as ſeen from any 
other Planet. Thus the Axis of Venus, which lies 
almoſt at right Angles to the Axis of the Earth, 
would have its motionleſs Poles in two oppoſite 
points of the Heavens lying almoſt in our Equi- 
| E 2 noctial, 


Axes. 
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noctial, where the motion appears quickeſt, becauſe 


it is ſeemingly performed in the greateſt Circle. 


And the very. Poles, which are at reſt to us, have 


the quickett motion of all as ſeen from Venus. 


To Mars and Jupiter the Heavens appear to turn 
round with very different velocities on the fame: 
Axis, whoſe Poles are about 233 degrees from ours. 


Were we on Jupiter, we ſhould be at firſtamazed 


at the rapid motion of the Heavens; the Sun and 
Could 


Stars going round in 9 hours 56 minutes. 
we go from thence to Venus, we ſhould be as. much 


ſurpriſed at the ſlowneſs of the heavenly motions ; 
the Sun going but once round in 584 hours, and 
the Stars in 340. And could we go from Venus to 


the Moon, we ſhould ſee the Heavens turn. round 


with a yet ſlower motion; the Sun in 708 hours, 


the Stars in 655. As it is impoſſible theſe vari- 


ous circumvolutions in ſuch. different times, and 
on ſuch different Axes, can be real, ſo it is unrea- 
ſonable to ſuppoſe the Heavens to revolve about 
our Earth more than it does about any other Planet. 


When we reflect on the vaſt diſtance of the fixed 
Stars, to which 162, ooo, oo0 of miles, the diameter 
of the Earth's Orbit, is but a point, we are filled 
with amazement at the immenſity of their diſtance. 


But if we try to frame an idea of the extreme rapi- 


dity with which the Stars muſt move, if they move 
round the Earth i in 24 hours, the thought becomes 
ſo much too big for our imagination, that we can 
no more conceive it than we do infinity or eternity. 
If the Sun was to go round the Earth in 24 hours, 
he muſt travel upwards of 300,000 miles in a mi- 
nute: but the Stars being at leaſt 400,000 times as 
Sun, as the Sun is from us, thoſe 
about the quator muſt move 400,000 times as 
vick. And all this to ſerve no other purpoſe than 
what my be as fully and much more ſimply obtain- 
ed by the Earth's turning round eaſtward, as on 
there ere by 


an Axis, every by hours, « cauling an appa- 
rent 
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rent diurnal motion of the Sun weſtward, and bring- 
ing about the alternate returns of day and night. 


121. As to the common objections againſt the oje 


Earth's motion on its Axis, they are all eaſily an- 


ſwered and ſet aſide. That it may turn without urnal mo- 


being feen or felt by us to do ſo, has been already 
ſhewn, § 119, But ſome are apt to imagine that 
if the Earth turns Eaſtward (as it certainly does, if 
it turns at all), a ball fired perpendicularly upward 
in the air muſt fall conſiderably weſtward of the 
place it was-projected from. The objection, which 
at firſt ſeems to have ſome weight, will be found 
to have none at all, when we conſider that the gun 
and ball partake of the Earth's motion; and there- 
fore the ball being carried forward with the air as 
uick as the Earth and air turn, muſt fall down on 
the ſame place. A ſtone let fall from the top of a 
an if it meets with no obſtacle, falls on 
the deck as near the foot of the maſt when the ſhip 
ſails as when it does nor. If an inverted bottle, 
full of liquor, be hung up to the cieling of the 
cabin, and a ſmall hole be made in the cork to 
let the liquor drop through on the floor, the drops 
wiil fall juſt as far forward on the floor when the 
ſhip fails as when it is at reſt. And gnats or flies 
can as eaſily dance among one another in a movin 
cabin as in a fixed chamber. As for thoſe ſcrip- 
ture expreſſions which ſeem to contradict the Earth's 
motion, this general anſwer may be made to them 
all, viz. it is plain from many inſtances that the 
Scriptures were never intended to inſtruct us in 
Philoſophy or Aſtronomy; and therefore, on thoſe 
ſubje&s, expreſſions are not always to be taken in 
the liceral'ſefiſe z but for the moſt part as accom- 
modated to the” common apprehenfions of man- 
kind. Men of fenfe in all ages, when nor treating 
of the ſciences purpoſely, have followed this me- 
thod: and-irwould be in vain to follow any other 
in addreſſing ourſelves to the vulgar, or bulk of 
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any community. Moſes calls-the Moon A GREAT 
LUMINARY (as it is in the Hebrew) as well as 
the Sun : but the Moon 1s known to be an opaque 
body, and the ſmalleſt that Aſtronomers have ob- 
ſerved in the Heavens; and ſhines upon us not by 

any inherent light of its own, but by reflecting 
the light of the 49h If Mojes had known this, and 
told the Iſraelites ſo, they would have ſtared at him; 
and conſidered him rather as a madman, than as 
a perſon commiſſioned by. the n to be theix 
leader, 


— Pn 
- "Az — 


— 
pms. 


— GO 


CHAP. IV. 


7 be Phenomens of the Heavens as 15. from different 
Parts of the Earth. 


_ 122. XI E are kept to the Farth's ſurface on 
by gravity. all ſides by the power of its central 
attraction; which, laying hold of all bodies accord- 
ing to their denſities or quantities of matter, with- 
out regard to their bulks, conſtitutes what we call 
their weight, And having the ſky over our heads, 
o where we will, and our feet towards the center 
of the Earth, we call it up over our heads, and 
down under our feet; although the ſame right line 
which is down to us, if continued through and be- 
yond the oppoſite ſide of the Earth, would be up to 
the inhabitants on th eoppoſite ſide. For, the inhabit- 
ants 7, i, e, m, 5, o, 9. l, Rand with their feet toward 
the Earth's center C; 8 have the ſame figure of 
PLATE II. (ky N, , E, M. Bes „2, L, over their heads. 
Fig. 1, Therefore, the point S is as directly upward to the | 
| inhabitant s on-the South Pole, as N 1s to the in- 
habitant ꝝ on the North Pole; ſo is E to the inha- 
bitant e, ſuppoſed to be on the north end of Peru; 
and © to the oppolite inhabitant q on the middle 
of the iſland Sumatra. Each of theſe obſervers is 
 Antipodes. ſurpriſed that his oppoſite or Antipode can ſtand 
Wich his head hanging downwards, But let either 
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go to the other, and he will tell him that he ſtood PLATE 11, 
as upright and firm on the place where he was, as 
he now ſtands where he,is. To all theſe obſervers 
the Sun, Moon, and Stars ſeem to turn round rhe 
points N and &, as the Poles of the fixed Axis Axis of the 


N CS; becauſe the Earth does really turn round TOY 


the mathematical line + Cs as round an Axis, of tts Poles, 


which ꝝ is the North Pole, and s the South Pole. 


The inhabitant U (Fig. II.) affirms, that he is is. rl. 


on the uppermoſt ſide of the Earth, and wonders 


how another at L can ſtand on the ri A iide 


| with his head hanging downwards. But U in the 


mean time forgets that in twelve hours time he 


will be carried half round with the Earth, and then 


be in the very ſituation that L now is, although as 
far from him as before. And yet, when U comes 


there, he will find no difference as to his manner 


of ſtanding; only he will ſee the oppoſite half of 
the Heavens, and imagine the Heavens to have 
gone half round the Earth. 


123. When we ſee a Globe hung up in a room, How our 
we cannot help imagining it to have an upper and Fer might 


have an up- 


an under ſide, and immediately form a like idea per and an 


of the Earth; from whence we conclude, that it is under fe. 


as impoſſible for people to ſtand on the under fide 
of the Earth, as for pebbles to lie on the under 
ſide of a common Globe, which inſtantly fall down | 
from it to the ground; and well they may, becauſe s 
the attraction of the Earth being greater than the 
attraction of the Globe, pulls them away. Juſt ſo 
would be the caſe with our Earth, if it were placed 


near a Globe much bigger chan itſelf, ſuch as 


Jupiter: for then it would really have an upper 
and an under ſide with reſpect to that large Globe; 
which, by its Attraction, would pull away every 


thing from the ſide of the Earth next to it; and 


only thoſe on the top of the oppolite or upper fide 
could remain upon it. But there is no larger Globe 
near enough our Earth to overcome its central 

„ attraction; 


96 
PLATE I 


Fig. I, 


Half of the 
avens vi- 
ble to an 
inhabitant 
on any part 


of the Earth. 


The Phenomena of the Heavens as feen 
attraction; and therefore it has no ſuch thing as an 
upper and an under fide; for all bodies on or near 
its ſurface, even to che Moon, gravitate towards 
its center. | 

124. Let any man imagine that the Earth and 
every thing bur himſelf is taken away, and he left 
alone in the midſt of indefinite ſpace; he could 


then have no idea of wp or down; and were his 


pockets full of gold, he might take the pieces one 
by one, and throw them away on all ſides of him, 
without any danger of loſing them; for the at- 
traction of his body would bring them all back by 
the ways they went, and he would be down to every 
one of them. But then, if a Sun or any other large 
body were created, and placed in any part of Space 
ſeveral millions of miles from him, he would be 
attracted towards it, and could not ſave himſelf 
from falling down' to it. oy 


125. The Earth's bulk 1s but a point, as that at 
C, compared to the Heavens; and therefore every 
" inhabitant upon it, let him be where he will, as at 
n, e, n, 5, &c. ſees half of the Heavens. The i in- 
habitant x, on the North Pole of the Earth, con- 
ſtantly ſees the Hemiſphere E M; and having 
the North Pole XN of the Heavens juſt over his 
head, his * Horizon coincides with the Celeſtial 
Equator EC9, Therefore all the Stars in the 
Northern Hemiſphere E N Q; between the Equa- 
tor and North Pole, appear to turn round the line 
NC, moving parallel to the Horizon. The Equa- 
torial Stars keep in the Horizon, and all choſe in 
the Southern Hemiſphere ES are inviſible. The 
like Phenomena are ſeen by the obſeryer s on the 
South Pole, with reſpect to the Hemiſ phere ES 9, 
and to him the oppoſite Hemiſphere is always 
inviſible, Hence, under either Pole, only one 


The utmoſt limit of à perſon's view, where the Sky ſeems to 
to touch the Earth all around, is called his kioeigee ; which ſhifts 
as s the perſon changes his om OE 

half 
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half of the Heavens is ſeen; for thoſe parts which 
are once viſible never ſet, and thoſe which are once 
inviſible never riſe. But the Eclipric 7CX, or 
Orbit which the Sun appears to deſcribe 'once a- 
year by the Earth's annual motion, has the half YC - 
conſtantly above the Horizon EC 9 of the North 
Pole #; and the other half CA always below it, 
Therefore whilſt the Sun deſcribes the northern phenomena 
half 7C of the Ecliptic, he neither ſets to the North * e ole. 
Pole nor riſes to the South; and whilft he deſcribes . 
the ſouthern half CA, he neither ſets to the South 
Pole, nor riſes to the North. The ſame things are 
true with reſpe& to the Moon ; only with this dif- 
ference, that as the Sun deſcribes the Ecliptic but 
once a-year, he is for half that time viſible to each 
Pole in its turn, and as long inviſible; but as the 
Moon goes round the Ecliptic in 27 days 8 hours, 
ſhe is only viſible for 13 days 16 hours, and as long 
inviſible to each Pole by turns. All the Planets 
likewiſe riſe and ſet to the Poles, becauſe their 
Orvits are cut obliquely in halves by the Horizon 
of the Poles. When the Sun (in his apparent way 
from X) arrives at C, which is on the 20th of 
March, he is juſt riſing to an obſerver at ꝝ on the 
North Pole, and ſetting to another at s on the South 
Pole, From C he rifes higher and higher in every 
apparent Diurnal revolution, till he comes to the 
higheſt point of the Ecliptic), on the 21ſt of June, 
and then he is at his greateſt Altitude, which is 
232 degrees, or the Arc Ey, equal to his greateſt 
north declination ; and from tnence he ſeems ta 
deſcend gradually in every apparent Circumvolu- 
tion, till he ſets at C on the 23d of September; and 
then he goes to exhibit the like Appearances at the 
South Pole for the other half of the year. Hence 
the Sun's apparent motion round the Earth is not 
in parallt] Circles, but in Spirals ; ſuch as might 
be repreſented by a thread wound round a Globe 
from Tropic to Tropic; the Spirals being at ſome 
diſtance fam one another about the Equator, and 
DP Oo N gradually 


5 
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ward the Tropics. 


Phenomena | 


_ Equa- 


Fig. I, 


126. If the obſerver be any where on the Ter- 
reſtrial Equator e Cg, as ſuppoſe at e, he is in the 
plane of the Celeſtial Equator; or under the Equi- 
noctial E C; and the Axis of the Earth ꝝ C's is 
coincident with the plane of his Horizon, extended 
out to M and &, the North and South Poles of the 


Heavens. As the Earth turns round the line NCS, 


the whole Heavens MOL ſeem to turn round the 


fame line, but the contrary way. Ir is plain that 


r 


this obſerver has the Celeſtial Poles conſtantly in 
his Horizon, and that his Horizon cuts the Diur- 
nal paths of all the. Celeſtial bodies perpendicularly 
and in halves. Therefore the Sun, Planets, and 
Stars, riſe every day, and aſcend perpendicularly 
above the Horizon for ſix hours, and paſſing over 
the Meridian, deſcend in the ſame manner for the 
fix following hours; then ſet in the Horizon, and 
continue twelve hours below it. Conſequently at 


the Equator the days and nights are equally long 


throughout the year, When the obſerver is in the 
ſituation e, he ſees the Hemiſphere SEN; but in 
twelve hours after, he is carried half round the 
Earth's Axis to 4, and then the Hemiſphere S N 
becomes viſible to him; and S EM diſappears. 
Thus we find, that to an obſerver at either of the 
Poles one half of the Sky is always viſible, and the 
other half never ſeen; but to an obſerver on the 
Equator the whole Sky is ſeen every 24 hours. 

| The Figure here referred to, repreſents a Celeſ- 
tial globe of glaſs, having a Terreſtrial Globe within 
it; after the manner of the Glaſs Sphere invented 
by my generous friend Dr. Lone, Loundess Fron 
feſſor of e in nme. n 


: 127. If 2 Globe be held ſidewiſe to the eye, at 
ſome diſtance, and ſo that neither of its Poles can 
be ſeen, the Equator EC 2, and all Circles parallel 
to it, as DL, Y ax, 4A, MO, &c. will appear to be 
ä ſtraight 


* 7 


from different Parts of Eartb. 


ſtraight lines, as projected in this Figure; which is 


requiſite to be mentioned here, becauſe we ſhall 
have occaſian to call them Circles in the following 
Articles of this Chapter“. 1 


128. Let us now ſuppoſe that the obſerver has Phendmens 
one from the Equator e towards the North Pole x between the 
| 1 . * Equator and 

and that he ſtops at i, from which place he then poles 


; ſees the Hemiſphere MEINL; his Horizon MCL, 


having ſhifced as many + Degrees'from the Celeſtial 
Poles M and S, as he has travelled from under the 


Equinoctial E. And as the Heavens ſeem con- 


ſtantly to turn round the line N CS as an Axis, all 
thoſe Stars which are not ſo many degrees from 


the North Pole JV as the obſerver is from the Equi- 


noctial, namely, the Stars north of the dotted pa- 
rallel DL, never ſet below the Horizon; and thoſe 
which are ſouth of the dotted parallel AO never 
riſe above it. Hence the former of theſe twa 


parallel Circles is called the Circle of perpetual Appa- The Circles 
of perpetual _ 


rition, and the latter the Circle of perpetual Occul- 


tation: but all the Stars between theſe two Circles 
riſe and ſet every day. Let us imagine many Cir- ion. 
cles to be drawn between theſe two, and parallel 


to them; thoſe which are on the north ſide of the 
Equinoctial will be unequally cut by the Horizon 
MC TL, having larger portions above the Horizon 
than below it; and the more ſo, as they are nearer 
to the Circle of perpetual Apparition ; but the re- 


verſe happens to thoſe on the ſouth ſide of the 


EquinoCtial, whilſt the Equinoctial is divided in 
two equal parts by the Horizon. Hence, by the 
apparent turning of the Heavens, the northern 
Stars deſcribe greater Arcs or Portions of Circles 


above the Horizon than below it; and the greater, 


as they are farther from the Equinoctial towards 
the Circle of perpetual Apparition ; whilſt the con- 


9 The Plane of a Circle, or a thin circular Plate, being turned 
edgewiſe to the eye, appears to be a ſtraight line, 
f 4 Degree is the 36oth part of a Circle, 


— 


trary 


1 
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trary happens to all Stars ſouth of the EquinoRial ; 


but thoſe upon it deſcribe equal Arcs boch above 
and below the Horizon, and therefore they are juſt 
as long above as below it. 

129. An obſer ver on the Equator has no Circle 
of perpetual Apparition or Occultation, becauſe all 
the Stars, together with the Sun and Moon, riſe 
and fer to him every day. But, as a bare view 
of the Figure is ſufficient ro ſhew that theſe rwo 


Circles DL and M© are juſt as far from the Poles 


N and S as the obſerver at i (or one oppoſite to 
him at o) is from the Equator EC it is plain, 
that if an obſerver begins to travel from the Equa- 
tor towards either Pole, his Circle of perpetual 
Apparition riſes from that Pole as from a Point, 
and his Circle of perpetual Occultation from the 
other. As the obſerver advances toward the nearer 
Pole, theſe two Circles enlarge their diameters, and 

come nearer one another, until he comes to the 
Pole; . and then they meet and coincide in the 
Equinoctial. On different ſides of the Equator, 
to obſervers at equal diſtances from it, the Circle 
of perpetual . Apparition to one is the Circle of 
e Occultation to the other. | 


Why the 1 50. Becauſe the Stars never vary the ir aiftipces 
Stars always 


deſcribe the from the Equinockial, ſo as to be ſenſible in an 


eng the lengths of their diurnal and nocturnal 
Ei 07 mo 


ion, and Arcs art always the ſame to the fame places on the 
the Sen2 Earth. But as the Earth goes ſeg Sun every 
ich is on the 


* year in the Ecliptic, one half of 
north e the i vinoctial, and OE ee 
its ſouth ſide, the Sun appears to change his place 
every. day, ſo ; as to 80 once round the Circle CA 
EYETY ear 914. Therefore whilſt, the Sun ap- 

ears to advance northward, from having deſcribed 
the parallel 25 X touching the Ecliptic in X, the 
days continually lengthen and the nights ſhorten, 
until he comes to y and deſcribes the Parallel y 2 x, 
when the days are at the longeſt and the nights at 


the 


hom differbyt Parts of the Earib. 6 


the ſhorteſt: for then, as the Sun goes no farther PLATE u. 
northward, the greateſt partion that is poſſible of 
the diurnal Arc yz is above the Horizon of the 
inhabitant i; and the ſmalleſt portion zx below it. 
As the Sun declines ſouthward from y, he deſcribes 
ſmaller diurnal and greater nocturnal Arcs, or Por- 
tions of Cireles, every day; which caufeth the days 
to ſhorten and nights to lengthen, until he arrives 
again at the Parallel a; which having only the 
ſmall part a# above the Horizon MC L, and the. 
great part A below it, the days are at the ſhorteſt: 
and the nights at the longeſt: becauſe the Sun re- 
cedes no farther ſouth, but returns northward as 
= before. It is eaſy to ſce that the Sun muſt be in 

te Equinoctial E C twice every year, and then 


| the days and nights are equally long; that is, 12 

hours each. Theſe hints ſerve at preſent: to give 

4 an idea of ſome of the Appearances reſulting from 

rde motions. of the Earth; which will be more 

particularly deſcribed in the tenth Chapter. 

9s | A | ; 

p 2 131. To an obſerver at either Pole, the Horizon rig. 1. 

and Equinoctial are coincident; and the Sun and. Ohg 

Stars ſeem to move parallel to the Horizon: there- and Rizhe 

pore ſuch an obſerver is ſaid to have a parallel po- n. 

5 dtion of the Sphere. To an obſerver any where 

: between either Pole and Equaror, the Parallels de- 
ſcribed by the Sun and Stars are cur obliquely by 

5 the Horizon, and therefore he is ſaid to have an 

} WW oblique poſition of the Sphere. To an obſerver 

© BY any where on the Equator, the Parallels of Motion, 

8 deſcribed by the Sun and Stars, are cut perpendi- 

* cularly, or at Right Angles, by the Horizon; and 

+ therefore he is ſaid to have a right poſition of the 

f Sphere. And theſe three are all the different ways 

chat the Sphere can be poſited to all people on the 

%%%... 

n, : 

X, | | | | 
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CHAP. V. 


7. be Phenomena of the Mets as ſeen Grier 1 2 


Parts of tbe Solar em. 


132. C 20 vaſtly great is the diſtance of the tary: 


Heavens, that if viewed from any part of 
the Solar Syſtem, or even many millions of miles 
beyond it, the appearance would be the very ſame 


to us. The Sun and Stars would all ſeem to be 
fixed on one concave ſurface, of which the Specta- 


tor's eye would be the center. But the Planets, 


being much nearer than the Stars, their appearances 
will vary conſiderably with the Place from which 


they are viewed. 
133. If the Spectator is at reſt Without ce 


Orbits, the Planers will ſeem to be at the ſame diſ- 
tance as the Stars ; but continually changing their 


places with reſpect to the Stars, and to one ano- 
ther : aſſuming various phaſes of incteaſe and de- 
creaſe like the Moon. And notwithſtanding'their 


regular motions about the Sun, will ſometimes 


appear to move quicker, ſometimes flower, be as 


often to the weſt as to the eaſt of the Sun; and at 


their greateſt diſtances ſeem quite ſtationary; The 


duration, extent, and diſtance of thoſe points in 


the Heavens where theſe digreflions begin and end, 


would be more or lets, according to the reſpec- 
tive diſtances of the ſeveral Planets from the Sun: 


but in the ſame Planet they would continue inva- 


riably the ſame ar all times; like pendulums of 
unequal lengths ofcillating together, the ſhorter 


move quick and go over a ſmall ſpace, the longer 
move flow and go over a large ſpace. If the ob- 


ſerver 1s at reſt within: the Orbits of the Planets, 


but not near the common center, their apparent 
motions will be irregular, but leſs fo than in the 
former cafe. Each of the ſeveral Planets will ap- 
pear bigger and leſs by turns, as they approach 
nearer 


0 
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from different Parts of the Solar Syſtem. 64 


hearer to or recede farther from the obſerver ; the 
neareſt varying moſt in their ſize. They will alſo 
move quicker or flower with regard to the fixed 
Stars, but will never be retrograde or ſtationary. 
134. If an obſerver in motion views the Hea- 
vens, the ſame apparent irregularities will be ob- 
ſerved, but with ſome variation reſulting from his 
own motion. If he is on a Planet which has a ro- 
tation on its Axis, not being ſenſible of his own 
motion, he will imagine the whole Heavens, Sun, 
Planets, and Stars, to revolve about him in the 
ſame time that his Planet turns round, but the con- 
trary way; and will not be eaſily convinced of the 
deception. If his Planet moves round the Sun, 
the fame irregularities and aſpects as above- men- : 
tioned will appear in the motions of the other Pla- 
nets; and the Sun will ſeem to move among the 
fixed Stars or Signs, directly oppoſite to thoſe in 
which his Planet moves, changing its place every 
day as he does. In a word, whether our obſerver 
be in motion or at reſt, whether within or without 
the Orbits of the Planets, their motions will ſeem 
irregular, intricate, and perplexed, unleſs he is in 
the center of the Syſtem; and from thence, the 
ng beautiful order and harmony will be ſeen by 
im. 
135. The Sun being the center of all the Planets The Sun's 
motions, the only place from which their motions 2 
could be truly ſeen, is the Sun's center; where the from whick 
obſerver being ſuppoſed not to turn round with the vga 
Sup (which, in this caſe, we muſt imagine to be a places of the 
tranſparent body) would ſee all the Stars at W 
and ſeemingly equidiſtant from him. To ſuch an ſcen. 
ooferver, the Planets would appear to move among 
the fixed Stars, in a ſimple, regular, and uniform 
manner; only, that as in equal times they deſcribe 


9 
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WE <qual Areas, they would deſcribe ſpaces ſomewhat 
| unequal, becauſethey move in elliptic Orbits, $155. 
| Their motions would alſo appear to be what they 
h are in e the ſame way round the Heavens; in 
paths 
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paths which crofs at ſmall Angles in different parts 
of the Heavens, and then ſeparate a little from one 
another, $ 20. So that, if the Solar Aſtronomer 
ſhould make the Path or Orbit of any Planet 
a' ſtandard; and conſider it as having no obliquity, 
8 20, ke would judge the paths of all the reſt to 
70 inclined to ir; each Planet having one half of 
its path on one fide, and the other half on the 
oppolits fide of the ſtandard Path or Orbit, And 
if he ſhould ever ſee all the Planets ſtart from a 
conjunction with each other“, Mercury would 
move ſo much faſter than Venus, as to overtake her 
again (though not in the ſame point of the Heavens) 
in a quantity of time almoſt equal to 145 of our 
days and nights; or, as we commonly call them, 
Natural Days, which include both the days and 
nights: Venus would move fo much faſter than 
the Earth, as to overtake it again in 585 natural 
days; the Earth ſo much faſter than Mars, as to 
overtake him again in 778 ſuch days: Mars ſo 
much faſter than Jupiter, as to overtake him again 
in 817 ſuch days: and Jupiter ſo much faſter than 
Saturn, as to overtake him again in 7236 days, all 
of our time. 
Thejudg. 136. But as our ſolar Aſtronomer could have no 
ment that idea of meaſuring the courſes of the Planets by our 


nomer days, he would probably take the period of Mer- 


bably make 


thedifances As all the Stars would appear quieſcent to him, he 
the Planets, would never think that they had any dependance 
upon the Sun; but would naturally imagine that 
the Planets have, becauſe they move round the 


Sun. And it is by no means improbable, that he 


Here we do not mean ſuch a conjunction, as that the 
nearer Planet ſhould hide all the reſt from the obſerver's fight ; 
(for that would be impoſſible, unleſs the ioterſections of all their 
Orbits were coincident, which they are not. See & 21.) but 
when they were all in a line croſſing the ſtandard Orbit at 
Right Argles. | 


would 


would pro- cury, which is the quickeſt moving Planet, for a 


concerning. meaſure to: compare the periods of the others by. | 


„ere {IP 


22. 
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would conclude thoſe Planets, whoſe periods are 
quickeſt, to move in Orbits proportionably leſs 
than thoſe do which make flower circuits, But 
being deſtitute of a method for finding their Paral- 
laxes, or, more properly ſpeaking, as they could have 
no Parallax to him, he could never know any thing 
of their real diſtances or magnitudes. Their rela- 
tive diſtances he might perhaps gueſs at by their 
periods, and from thence infer ſomething of truth 


concerning their relative bulks, by comparing their 


apparent bulks with one another. For example, 
Jupiter appearing bigger to him than Mars, he 


\ would canclude it to be much bigger in fact; be- 


cauſe it appears ſo, and muſt be farther from kim, 
on account of its longer period, Mercury and 
the Earth would ſeem much of the ſame bulk; but 


by comparing its period with the Earth's, he would 
| conclude that the Earth is much farther from him 


than Mercury, and conſequently that it mult. be 
really bigger, though apparently of the ſame bulk; 
and ſo of the reſt. And as each Planer woulc 
appear ſomewhat bigger in one part of its Orbit 
than in the oppoſite, and to move quickeſt when it 
ſeems biggeſt, the obſerver would he at no loſs to 
conclude that all the Planets move in Orbits, of 
which the Bund 1s not precuely in the Center. 


65 


137. The eee magnitudes of the Planets The Plane- 


demonſtrates that they approach nearer to it, and 1 


recede farther from it by turns. From theſe Phe- 5797 


nomena, and their apparent, motions. among the 
Stars, they ſeem to deſcribe looped curves which 
never return into themſelves, Venus's path ex- 
cepted. And if we were to trace out all their ap- 
parent paths, and put the figures of them together 
in one diagram, they would appear ſo anomalous 
and confuſed, that no man in his ſenſes could be- 


lieve them to be repreſentations of their real paths; 


but would immediately conclude, that ſuch appa- 


rent 


continually change as ſeen from the Earth, which un motions 


very irregu - 
ar gs ſeen 


66 The apparent Paths of Mercury and Venus. 


PLATE rent irregularities muſt be owing to ſome Optic 
He illuſions. And after a good deal of enquiry, he 
might perhaps be at a loſs to find out the true cauſe 

of theſe irregularities; eſpecially if he were one of 

thoſe who would rather, with the greateſt juſtice, 
charge frail man with ignorance, than the Almighty 

with being the author of ſuch confuſion. 5 

Thoſeof 138. Dr. Loxo, in his firſt volume of Afronomy, | 
My, bas given us figures of the apparent paths of all the 
repielemed. Planets, ſeparately from Cassini; and on ſeeing f 
them I firſt thought of attempting to trace ſome of 

them by a machine - that ſhews the motions of | 
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the Sun, Mercury, Venus, the Earth, and Moon,. 
according to the Copernican Syſtem. Having taken Wl, 
off the Sun, Mercury, and Venus, I put black-lead Bi; 
pencils in their places, with the points turned up-. 
ward; and fixed a circular ſheet of paſte-board ſo, Wi 
that the Earth kept conſtantly under its center in 
going round the Sun; and the paſte-bdard kept its t 
paralleliſm, Then, preſſing gently with one hand iſ { 
| upon the paſte-board to make it touch the three : 
| pencils, with the other hand I turned the winch WW. 
ö that moves the whole machinery: and as the Earth, Wi 
bf together with the pencils in the places of Mercury | 
j Fig. I. and Venus, had their proper motions round the 92 
| Sun's pencil, which kept at reſt in the center of Mr 
| the machine, all the three pencils deſcribed a dia- j 
| gram, from which the firſt Figure ofthe third Plate 
| is truly copied in a ſmaller ſize. As the Earth 3 1 
fi moved round the Sun, the Sun's pencil deſcribed o 
i the dotred Circle of Months, whilſt Mercury's pen- WR 
i cil drew the curve with the greateſt number of tt 
| I'f . loops, and Venus's that with the feweſt. In their | * 
Wil inferior conjunctions they come as much nearer b. 
04 the Earth, or within the Circle of the Sun's appa- Ii 
14 rent motion round the Heavens, as they go beyond x 
bl tt it. in their ſuperior conjunctions. On each ſide of 81 


the loops they appear pats : in that part ol 


The _URKERY fronting the Title - Page. 
* each 


The apparent Paths of Mercury and Venus. | | 67 ; 


each loop next the Earth retrograde; and in all PLATE 
the reſt of their paths direde. "om 
If Caffini's Figures of the Paths of the Sun, Mer. 
cury, and Venus, were put together, the Figure as 
above traced our, would be exactly like them. It 
ö | repreſents the Sun's apparent motion round the 
W Ecliptic, which is the ſame every year; Mercury's 
motion for ſeven years; and Venus's for eight; in 
which time Mercury's path makes 23 loops, croſſing 
itſelf ſo many times, and Venus's only five, In eight 
ycars Venus falls ſo. nearly into the ſame apparent 
path again, as to deviate very little from it in ſome 
ages; but in what, number of years Mercury and 
the reſt of the Planers would deſcribe the ſame vi- 
ſible paths over again, I cannot at preſent deter- 
mine; Having finiſhed the above Figure of the 
paths of Mercury and Venus, I pur the Ecliptic 
round them as in the Doctor's Book; and added 
che dotred lines from the Earth to the Ecliprtic for 
ſhewing Mercury” $ apparent or geocen tric motion 


BY therein for one year; in which time his path makes 
w 


three loops, and goes on. a little farther; which 
yg ſhews that he has three inferior, and as many ſu- 
perior conjunctions with the. Sun in that time; 
Hand alfo that he is fix times ſtationary, and thrice, 
retrograde, Let us now trace his motion for one 
I/ ( 
Suppoſe Mercury to be ſetting out from A to- 
wards B (between the Earth and left-hand corner 

of the Plate) and as ſeen from the Earth, his motion fis. I. 
will then be direct, or according to the order of 
the Signs. But when he comes to B, he appears 
to ſtand ſtil! in the 23d degree of mat F, as ſhewn 
by the line BF, Whilſt he goes from B to C. the 
line B F, ſuppoſed to move with him, goes back- 
= ward from F to E, or contrary to the order of 
= Signs; and when he is at C, he appears ſtationary 
at E; having gone back 114 degrees, Now, ſup - 
poſe him ſtationary on the firſt of January at C, on 
the 10th thereof he OO in the Heayens 
| 2 az 


17 


as at 20, near F; on the 20th he will ba ſeen as at 


to move round it, is evidently falſe and abſurd. 
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G ; on the 31ſt 101 on the 1oth of February at I; 
on the 20th at K and on the 28th at L; as the | 
dotted lines ſhow, which are drawn through every | 
tenth day's motion in his looped path, and con- 
tinued to the Ecliptic. On the 10th of March he 
appears at M; on the 20th at N; and on the 31ſt 
at O. On the 10th of April he appears ftationary 
at P; on the 20th he ſeems - to 1 5 gone back 
again to O; and on the 30th he appears ſtationary 
at 2, having gone back 1 14 5 Thus Mer- 
cury ſeems to go forward 4 Sjgns 11, Degrees, or 
131 Degrees; and to go 1525 only. 11 or, 12 De- 
grees, at a mean rate. From the 3oth of April to | 
the roth of May, he ſeems to move from Q to R 
and on the 20th he is ſeen at S, going LT is in 
the 220 manner again, Ae to the order 
Bf eters; and backward when they go. back; 
hich it is needleſs to explain any farther, as the 
reader can trace him out ſo calily, through the reſi 
of the year. The ſame appearances happen in Ve- 5 
nus's motion; but as ſhe moyes, flower chan Mer- | 
85 there are wee feen of time between 
- em. . 4. +447 0 F103! J 
31 already, $ $ 120, give ſome account of 3 
e a patent: diurnal motions N Hes Heavens, as 
125 rom the different Pagen 1 fall not trouble 3 
the W e more with, that {i 6 Mech. 8 9 
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"The Projerhean Stem refuted. T "ax Motions and a 
Pbaſes of Mercury and onus GN 9 


HE Hebonic Syſtem, - 8. 97. being ſuffi- 
ciently refuted by the 1ogth Article, 
we ſhal ſay nothing more about it. 

140. The Piolemean Syſtem, § 96, which aſſerts 
the Earth to be at reſt in the Center of the Uni- 
verſe, and all the Planets with the Sun and Stars 1 


S Pl SS Ay as . 


ny Pp, by «s oy, 


* 


For 


* Phenomena of the inferior Planets. 
For if this hypotheſis were true, Mercury and 


W Venus could never be hid behind the Sun, as their 


Orbits are included within the Sun's ; and again, 
theſe two Planets would always move direct, and 
be as often in Oppoſition to the Sun as in Con- 


junction with him. But the contrary of all this 
| is true: for they are juſt as often behind the Sun 


as before him, appear as often to move backwards 
as fotwards, and are ſo far from being ſeen at any 
time in the ſide of the Heavens oppoſite to the 
Sun, that they were never ſeen a quarter of a cir- 
cle in the Heavens diſtant from him, 

141. Theſe two Planets, when viewed at differ- Aopearan- 


ces of Mer- 


ent times with a good teleſcope, appear in all the nog 


Various ſhapes of the Moon; which is a plain proof Venus. 


that they are enlightened by the Sun, and ſhine 
not by any light of their own: for if they did, 


| they would conſtantly appear round as the Sun 


does; and could never be ſeen like dark ſpots 


1 upon the Sun when they paſs directly between him 
and us. Their regular Phaſes demonſtrate them 
to be ſpherical bodies; as dl be mewn by the 


following experiment: 

Hang an ivory ball by a thread and let any per- Experiment 
ſon move it round the flame of a candle, at two or har 
three yatds diſtance from your eye; when the ball wand. 
is beyond the candle, ſo as to be almoſt hid by the 


flame, its enlightened ſide will be towards you, and 


ö appear round like the Full Moon: When the ball 


is between you and the candle, its enlightened ſide 
will diſappear, as the Moon does at the Change: 
When it is half-way between theſe two politions, 


W ic will appear half illuminated, like the Moon in 


her Quarters: But in every other place between 


cheſe poſitions, it will appear more or leſs horned 


or gibbous. If this experiment be made with a 


fat circular plate, you may make it appear fully 


enlightened, or not enlightened at all; but can 


never make 1 it ſeem either | horned or gibbous. 
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PLATE II. 142. If you remove about ſix or ſeven yards 
Experiment from the candle, and place yourſelf ſo that its 
to repretent flame may be juſt about the height of your eye, 
of Mercury And then deſite the other perſon to move the ball 
and Venus flowly round the candle as before, keeping it as“ 
near of an equal height with the flame as he poſſi- 
bly can, the ball will appear to you not to move 

in a circle, but to vibrate backward and forward | 
like a pendulum, moving quickeſt when it is di- 
rectly between you and the candle, and when di- 
realy beyond it; and gradually flower as it goes 
farther to the right or left fide of the flame, until 
it appears at the greateſt diſtance from the flame; 
and then, though it continues to move with the 
ſame velocity, it will ſeem to ſtand ſtill for a mo- 
ment. In every Revolution it will ſhew all the 
above Phaſes, $ 141; and if two balls, a ſmaller 
and a greater, be moved in this manner round the 
candle, the ſmaller ball being kept neareſt the 
flame, and carried round almoſt three times as 
often as the greater, you will have a tolerable good | 
repreſentation of the apparent Motions of Mercury 


and Venus; eſpecially, if the bigger ball deſcribes i 


a circle almoſt twice as large in diameter as the 
circle deſcribed by the leſſer. | 3 
ris. 1. 143. Let ABCDE be a part or ſegment of the 9 
' - viſible Heavens, in which the Sun, Moon, Planets, 
and Stars, appear to move at the ſame diſtance from il 
the Earth E. For there are certain limits, beyond 
which the eye cannot judge of different diſtances |, 
as is plain from the Moon's appearing to be as 


far from us as the Sun and Stars are. Let the 


circle fehiFImno be the Orbit in which Mercury » | 

moves round the Sun $, according to the order i 

of the letters. When Mercury is at f, he diſap- 

ears to the Earth at E, becauſe his enlightened 7 

ide is turned from it; voleſs he be then in one of 

The Elon- his Nodes, $ 20.25; in which caſe he will appear i 


$3 tions or 


Vigrethons like a dark ſpot upon the Sun. When he is at g 


From .? In his Orbit, he appears at in the Heavens, welt- 3 


from the 
dus, 8 . ward 
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he appears at 4, at his greateſt weſtern elongation 
or diſtance from the Sun; and then. ſeems to ſtand 
ſtill. But, as he moves from h to i, he appears to 
go from A to B; and ſeems to be in the ſame place 
when at i, as when he was at g, but not near fo 
big: at & he is hid from the Earth E by the Sun 
S; being then in his ſuperior Conjunction. In 
going from k to h he appears to move from C to D; 
and when he is at u, he appears ſtationary at E; 
being ſeen as far eaſt from the Sun then, as he 
was weſt from him at A. In going from 7 to o in 
his Orbit, he ſeems to go back again in the Hea- 
vens, from E to D; and is ſeen in the ſame place 
(with reſpect to the Sun) at o, as when he was at /; 


7¹ 


| ward of the Sun S, which is ſeen at C: when at 5, PLATE 11. 


but of a larger diameter at o, becauſe he is then 


nearer the Earth E: and when he comes to f, he 
again paſſes by the Sun, and diſappears. as before. 


In going from u to. + in his Orbit, he ſeems to go 


backward in the Heavens from E to 4; and in 
going from b to u, he ſeems to go forward from 
A to E. As he goes on from F, a little of his en- 
lightened ſide at g is ſeen from E; at h he appears 
half full, becauſe half of his enlightened ſide is 
ſeen; at i, gibbous, or more than half full; and 
at + he would appear quite full, were he not hid 
ſrom the Eatth E y the Sun S. At “he appears 
gibbous again: at n half decreaſed, at o horned, 


and at f newilike the Moon at her Change. He 
goes ſooner frum his eaſtern ſtation at » to his 


weſtern ſtation at h, than from +. to » again; be- 
caute he goes through leſs than half his Orbit in 
W the former caſe, and more in the latter. 
[ 144. In the ſame Figure, let FGHIKLMY be 
W the Orbit in which Venus v goes round the Sun 
S, accotding to the order of the letters: and let 
E be the Earth as before. When Venus is at F, 
de is in her inferior Conjunction; and diſappears 
luke the New Moon, becauſe her dark fide is. to- 
Ward the Earth, At G, ſhe appears half enlightened 


F 4 to 


Fig. III. 


The Elon- 
gat ions and 
pheſ s of 
Venus. 


” ; 
; ; Res 
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at V, the appears gibbous; at 7, almoſt full; her 
enlightened ſide being then nearly towarqs the 
Earth: at K ſhe would appear quite full to the 
Earth E; but is hid from it by the Sun S: at Z, 
ſhe appears upon the decreaſe, or gibbous; at M, 


of Mice from G to V, forward; but, as ſhe deſcribes a 
and Venus. much greater portion Fr: her Orbit in going from 


6 to M, than from M to G, ſhe appears much 


and G ſhe appears ftationary ; as Mercury does at 
n and 5. Mercury, when ſtationary, ſeems to be 


ſo, 47; which i is a demonſtration that Mercury's 


757 


within the Earth's. 


K to her inferior Conjunction at F, is ſeen on the 
eaſt fide of the Sun & from the Earth E; and there- 


Morning and is called the Evening Star: for, the Sun being 
and Evening then to the weſtward of Venus, he mult ſet firſt. 
Star, what, 

From her inferior Conjunction to her ſuperior, ſhe 


riſes before him, for which reaſon the is called She 
Morning Star. When ſhe is about N or G, ſhe 


ſhines ſo bright, that bodies caſt mae in FINE 


night-time. 


146. If the Earth kept ys at E, it is evi- 


dent that the ſtationary places of Mercury and 
Venus would always be in the ſame points of the 
Heavens where they were before. For example: : 


whilſt Mercury m goes from 5h to n, according to 


the order of the letters, he appears to deſcribe the 
The lation AFC ABCDE in the Heavens, direct: and whilſt 


dh. pe he Boes from n to þ, he ſeems to deſcribe the ſame 


variable, arc back again, from 2 to A. retrograde: always 
| ed 


* 


to the Earth, like the Moon in her firſt quarter: 


more ſo; ar N, only half enlightened z and at 7 : 
ſhe diſappears again. In moving from N to G, 
The greateſt ſhe ſeems to go backward in the- Heavens; and | 


longer direct than retrograde in her motion. At N 


only 28 degrees from the Sun; and Venus, when 
Orbit is included within Venus' s, and Venus's 


145. Venus, from her ſuperior Conjunction at 


fore ſhe ſhines in the Evening after the Sun ſets, 


il appears on the weſt ſide of the Sun; and therefore 


„„ „ EP CER 


IF. 
1 


——_— — 


y 


The Phenomena of the inferior Planets. 
at n and þ he appears ſtationary at the ſame points 


E and A as before. But Mercury goes round his 


Orbit, from / to f again, in 88 days; and yet there 


are 116 days from any one of his Conjunctions, or 


apparent Stations, to the fame again: and the 


places of theſe Conjunctions and Stations are found 
to be about 114 degrees eaſtward from the points 
of the Heavens where they were laſt before ; which 
proves that the earth has not kept all that time at 
E, but has had a progreſſive motion in its Orbit 
from E to :. Venus alſo differs every time in the 
places of her Conjunctions and Stations; but much 
more than Mercury; becauſe, as Venus deſcribes 
2 much larger orbit than Mercury does, the Earth 


advances ſo much the farther in its annual path be- 


fore Venus comes round again. 


/ 
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147. As Mercury and Venus, ſeen from the The Elon- 
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Earth, have their reſpective Elongations from the I Gras 
Sun, and ftationary places; ſo has the eafth, ſeen inferior pla 
from Mars; and Mars, ſeen from Jupiter; anden aim. 
Jupiter, ſeen from Saturn. That is, to every ſupe- 

rior Planet, all the inferior ones have their Stations 

and Elongations; as Venus and Mercury have to 
| the Earth. As ſeem from Saturn, Mercury never 

goes more than 2f degrees from the Sun; Venus 

47; the Earth 6; Mars 9; and Jupiter 33z; fo 

that Mercury, as feen from the Earth, has almoſt 

as great a Digrefſion or Elongation from the Sun, 

as Jupiter ſeen from Saturn. 
148. Becauſe the Earth's orbit 1s included with- A proof of 
in the Orbits of Mars, Jupiter, and Saturn, they rc 
are ſeen on all ſides of the Heavens: and are as Mion, 
often in Oppoſition to the Sun as in Conjunction 

with him. If the earth ſtood ſtill, they would 

always appear direct in their motions ; never retro- 

grade nor ftationary. - But they ſeem to go juſt as 

often backward as forward ; which, if gravity be 

allowed to exift, affords a ſufficient proof of the 

Earth's annual motion: and without its exiſtence, 

the Planets could never fall from the tangents of 


\ 
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PLATE 11, their Orbits toward the Sun, nor could a ſtone 
which is once thrown up from the earth ever fall to 
the earth again, 

149. As Venus and the Earth are ſuperior Pla- 
nets to Mercury, they ſhew much the ſame Appear- 

ances to him that Mars and Jupiter do to us. Let 
Mercury m be at f, Venus v at F, and the Earth 
Pig. III. at E; in which ſituation Venus hides the Earth 
Ps, from Mercury; but, being in oppoſition to the 
ofa ſuperior Sun, ſhe ſhines on Mercury with a full illumined 
l. Orb; though, with reſpect to the Earth, ſhe is in 
conjunction with the ſun, and inviſible. When 
Mercury 1s at f, and Venus at G, her enlightened 

ſide not being directly towards him, ſhe appears a 

little gibbous ; ; as Mars does in a like ſituation to 

vs: but, when Venus is at J, her enlightened fide 

is ſo much toward Mercury at , that ſhe appears 

to him almoſt of a round figure. At K, Venus diſ- 
appears to Mercury at f, being then hid by the 

Son; as well as all our ſuperior Planets are to us, 

vhen in conjunction with the Sun. When Venus 

has, as it were, emerged out of the Sun- beams, as 

at L, ſhe apprars almoſt fullito Mercury at ,; at 

M and N, alittle: gibbous; quite full at F, and 

largeſt of all; being then in oppoſition to the Sun, 

and conſequently [neareſt to Mercury at F; ſhining 
ſtrongly on him in the night, becauſe; her diſtance 

from him then is ſumewhat leſs than a fifth part of 
her diſtance from the Earth, when ſhe appears 
roundeſt to it between I and &, or between & and 

L, as ſeen from the Earth E. Conſequently, when 
Venus is oppoſite to the Sun as ſcen from Mercury, 
ſhe appears more than 25 times as large to him as 
ſhe does to us when at the fulleſt. Our caſe is al- 
moſt ſimilar with reſpect to Mars, when he is op- 
oſite to the Sun; becauſe he is then ſo near the 
Earth, and has his whole enlightened ſide to- 
wards it. But, becauſe the Orbits of Jupiter and 
Saturn are very large in proportion to the Earth's 
Orbir, theie two Planets appear much leſs aw n 

5 1 4 c 
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fied at their Oppoſitions, or diminiſhed at their PLATE Il. 
Conjunctions, than Mars does, in proportion to 
their mean * Diameters. 


CHAP. VE 


7 be phyſi cal Cauſes of the Motions of the Planets. 
The Excenlricities of their Orbits. The Times in 
which the Atiion of Gravity would bring them to 
the Sun. ARCHIMEDES's ideal Problem for movirg 
the Earth. The V old not e 


Ipo. U ROM the uniform proj jectile motion of c 
| | bodies in ſtraight lines, and the univerſal N 
power of attraction which draws them off from theſe Fig. IV. 
lines, the curvilineal motions of all the Planets 
BY ariſe. If the body A be projected along the right 
line 4B A, in open Space, where it meets with no 
reſiſtance, and is not drawn aſide by any other 


power, it will for ever go on with the ſame ve- 


Y 

5 locity, and in the ſame direction. For, the force 

5 which moves it from A to B in any given time, will 838 
© carry it from B to X in as much more time, and 
1 8 fo on, there being nothing to obſtruct or alter its 

„ motion. But if, when this projectile force has car- 

2 tried it, ſuppoſe to B, the body & begins to attract 
eit, with a power duly adjuſted, and perpendicular 

f WH to its motion at E, it will then be drawn from the 

s WY firaightline 4B X, and forced to revolve about $ 

din the circle 5270. When the body A comes to Fig. Iv. 
n DU, or any other part of its Orbit, if the ſmall body 
„ . within the ſphere of U's attraction, be projected 

as in the right line Z, with a force perpendicular 

- WE fo the attraction of U, then « will go round U in. 
the Orbit V, and accompany it in its whole courſe 

e round the body S. Here, & may repreſent the Sun, 

5 1 U the Earth, and « the Moon. 

| 

'S 1151, If a Planer at B gravitates, or is attracted, 

i- toward the Sun, ſo as co fall from B to) in the 


d time 


Elliptical 
-Orbits. 


gravity alone 1 in falling chiough half the radius of the circle. 


The pbyſical Cauſes of 
time that the projectile force would have carried it 
from B to A, it will deſcribe the curve B Y by the 
combined action of theſe two forces, in the ſame 


time that the projectile force ſingly would have 


carried it from B to A, or the gravitating power 
ſingly have cauſed it to deſcend from B to y and 
theie two forces being duly proportioned, and per- 


pendicular to each other, the Planet obeying * 


both, will move in the circle BYTU®, 

162. But if, whilſt the projectile force would carry 
the Planet from B to 5, the Sun's attraction (which 
conſtitutes the Planet's gravitation) ſhould bring it 
down from B to 1, the gravitating power would 
then be too ſtrong for the projectile force; and 
would cauſe the Planet to deſcribe the curve BC, 
When the Planet comes to C, the gravitating power 
(which always increaſes as the ſquare of the diſtance 


from the Sun & diminiſhes) will be yet ſtronger for 


the projectile force; and by conſpiring in ſome de- 


gree therewith, will accelerate the Planet's motion 


all the way fat C to K; cauling it to deſcribe the 
arcs BC, CD, D E, EF, &c. all in equal times. 
Having its motion thus accelerated, it thereby 


gains fo much centrifugal force, or tendency to fly 


off at K in the line Kk, as overcomes the Sun's at- 
traction: and the centrifugal force being too great 
to allow the Planer to be brought nearer the Sun, 


or even to move round him in the circle Vm, &c. 


it goes off, and aſcends in the curve KLM N, &c. 
its motion decreaſing as gradually from K to B, 


as it increaſed from B to K, becauſe the Sun's at- 


traction now acts againſt the Planet's projectile mo- 
tion juſt as much as it acted with it before. When 
the Planet has got round to B, its projectile force 
is as much diminiſhed from its mean r ate about G 


* 'To make the projeRtite force balance the gravitating power 
ſo exactly, as that the body may move in a Circle, the projectile 
velocity cf the body muſt be ſuch as it would have acquired by 


or 


ua 0. on * Fon) ©, amd 4 SR DR SIE: 
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or N, as it was augmented at K; and ſo, the Sun's pLaTE 11, 
attraction being more than ſufficient to keep the 
Planet from going off at B, it deſcribes the ſame 
Orbit over again, by virtue of the ſame forces or 
powers. 1 5 N 


153. A double projectile force will always ba- 
lance a quadruple power of gravity. Let the Planet 
at B have twice as great an impulſe from thence 
towards A, as it had before; that is, in the ſame 
length of time that ic was projected from B to 5, 
as in the laſt example, let it now be projected from 
B to c; and it will require four times as much gra- 

vity to retain it in its Orbit: that is, it muſt fall 
as far as from B to 4 in the time that the projectile | 
force would carry it from B to c; otherwiſe it could 
not deſcribe the curve B D, as is evident by the 
Figure. But, in as much time as the Planet moves Fig. 1v. 
from Þ to C in the higher part of its Orbit, it moves ThePlanets 
from / tO K, or from K to L, in the lower part . 
thereof; becauſe, from the joint action of theſe two in equal 
forces, it muſt always deſcribe equal Areas in equal 
times, throughout its annual courſe. Theſe Areas 
are repreſented by the triangles BS C, CSD, DSE, 
ESF, &c. whale contents are equal to one another, 
quite round the Figyreet tion fb : 

154. As the Planets approach nearer the Sun, a «imculty 
and recede farther from him, in every Revolution; ee. 
there may be ſome difficulty in eonceiving the rea- 

ſon why the power of gravity, when it once gets 
the better of the projectile force, does not bring the 
= Planets, nearer and nearer the Sun in every Revo- 
lution, till they fall upon and unite with him, Or 
why the projectile force, when it once gets the 
better of gravity, does not carry the Planets farther 
and farther from the Sun, till it removes them quite 
out of the ſphere of his attraction, and cauſes them 
do go on in ſtraight lines for ever afterward. But by 
cdonſidering the effects of theſe powers as deſcribed 
in the two laſt Articles, this difficulty will be re- 
r e moved. 


l * 
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moved. Suppoſe a-Planer at B to be carried 
the projectile force as far as from B to 5, in the time 


that gravity would have brought it down from B 


to 1: by theſe two forces it will deſcribe the curve 
BC. When the Planet comes down to X, it will 
be but half as far from the Sun & as it was at B; 
and therefore, by gravitating four times as ſtrongly 
towards him, it would fall from K to in the fame 


length of time that it would have fallen from B to 


1 in the higher part of its Orbit, that is, through 
four times as much ſpace; but its projectile force 


is then ſo much increaſed at K, as would carry it 


from K to & in the ſame time; being double of 
what it was at B, and is therefore too ſtrong for the 
gravitating power, either to draw the Planet to the 
Sun, or cauſe it to go round him in the circle Minn, 
&c. which would require its falling from K to Wy 
through a greater ſpace than gravity can draw it, 
whilſt the projectile force is ſuch as would carry it 
from K to k: and therefore the Planet aſeends in 
its Orbit K L MN, decreaſing 1 in its velocity for 
the cauſes ready erer in § 152. 


The Plane - 155. The Orbits of all the Planets are Ell pſes, 
eli ons very little different from Circles: but the Orbits of 
the Comets are very long Ellipſes; and the lower 
focus of them all is in the Sun. If we ſuppoſe the 
mean diſtance (or middle between the greateſt and 
leaſt) of every Planet and Comet from the Sun to 


Their ex- 
eentricities. ties of their Orbits, both in ſuch parts and in Eng- 


liſh miles, will be as follow: Mercury's, 210 
parts, or 6, 7 20, ooo miles; Venus's, 7 parts, or 
413, ooo miles; the Earth's, 17 parts, or 1,377,000 
miles; Mars's, 93 parts, or 41,439,000 miles; 
Jupiter's, 48 parts, or 20,352,000 miles; Saturn's, 
55 parts, or 42,735,000 miles Of the neareſt 
of the three foremenctioned Comets, 1,458,000 
miles; of the middlemoſt, 2, 25, ooo, ooo nules; 
and of the outermoſt, 6,600,900,000, 


156. By 


be divided into 1000 equal parts, the Eccentrici- 


— My * . Ee 


of =y 


the Planets Motions. 


156. By the above-mentioned law, & 150 & ſeq. 
bodies will move in all kinds of Ellipſes, whether 
long or ſhort, if the ſpaces they move in be void o 
reſiſtance. Only, thoſe which move in the longer 
Ellipſes, have ſo much the leſs projectile force im- 


preſſed upon them in the higher parts of their 


Orbits; and their velocities, in coming down to- 
wards the Sun, are ſo prodigiouſly increaſed by his 
attraction, that their centrifugal forces in the lower 
parts of their Orbits are ſo great, as to overcome 
the Sun's attraction there, and caule them to aſcend 
again towards the higher parts of their Orbits; 
during which time, the ſun's attraction acting ſo 
contrary to the motions of thoſe bodies, cauſes 
them to move ſlower and ſlower, until their pro- 
jectile forces are diminiſhed almoſt to nothing; 
and then they are brought back again by the Sun's 
attraction, as before. 

157. If the projectile forces of all the Planets 


and Comets were deſtroyed at their mean diſtances 


from the Sun, their gravities would bring them 
down ſo, as that Mercury would fall to the Sun in 
= 5 days 13 hours; Venus in 39 days 17 hours; 
the Earth or Moon in 64 days 10 hours; Mars in 
121 days; Jupiter in 290; and Saturn in 767. 

The neareſt Comet in ig thouſand days; the mid- 
dlemoſt in 23 thouſand days; and the outermoſt 
in 66 thouſand days. The Moon would fall ro 
the Earth in 4 days 20 hours, Jupiter's firſt Moon 
would fall ro him in 7 hours, his fecond in 15, his 
third in 30, and his fourth in 51 hours. Saturn's 
firſt Moon would fall to him in 8 hours, his ſecond 
in 12, his third in 19, his fourth in 68 hours, and 


79 
The above 
laws luf- 
ficient for 
motions 

th in cir- 

cular aad 
elliptic 
3, 


In what 
times the 
Planets 
would tall 
to the Sun 
by the 
power of 
gravity. 


his fifth in 336. A ſtone would fall to the carth 1 


center, if there were an hollow paſſage, in 21 
minutes 9 ſeconds. Mr. Wnisrox gives the fol- 
lowing Rule for ſuch Computations. It is de- 


monſtrable, that half the Period of any Planet, 


W when it is diminiſked in the ſeſquialteral propor- 


* Aſtronomical Principles of Religion, p. 66. a 
Fn, tion 


The . 


gious at- 


tion of the number 1 to the number 2, or nearly 
in the proportion of 1000 to 2828, is the time that 
it would fall to the center of its Orbit.” This pro- 
portion is, when a quantity or number contains an- 
other once and a half as much more. NE, 


158. The quicls motions of the a of fudder 


and Saturn round their Primaries, demonſtrate that 


traction of 
the Sun and theſe two Planets have ſtronger attractive powers 


Planets, 


" Axcur- 
MEDESs's 
Problem for 
raiſing the 
Earih, 


than the Earth has. For, the ſtronger that one 
body attracts another, the greater muſt be the pro- 


jectile force, and conſequently the quicker muſt be 


the motion of that other body to keep it from. fall- 
ing to its primary or central Planet. Jupiter's 
ſecond Moon is 124 thouſand miles farther from 
Jupiter than our Moon is from us; and yet this 
ſecond Moon goes almoſt eight times round Jupiter 
whilſt our Moon goes only once round the earth, 
What a prodigious attractive power muſt the Sun 
then have, to draw all the Planets and Satellites of 
the Syſtem towards him; and what an amazing 
Power mult it have required to put all theſe Planets 
$69 Moons into ſuch rapid motions at firſt! Amaz- 

ing indeed to us, becauſe impoſſible to be effected 
by the ſtrength of all the living Creatures in an un- 
limited number of Worlds; but no ways hard for 
the Almighty, whoſe Planetarium takes in the 


whole Univerſe! 4 
159, The celebrated ARcauIMEDEs affirmed he 


could move the Earth, if he had a place at a diſ- 


tance from it to ſtand upon to manage his machine- 
ry *. This aſſertion is true in Theory, but, upon 


examination, will be found abſolutely impoſſible in 
fact, even though a proper place and materials of 


ſufficient ſtrength could be had. 
The ſimpleſt and eaſieſt Weihe of moving a 


heavy body a little way is by a lever or crow, where . 
a ſmall weight: or power applied to the long arm i 


* Ag ws Fwy tat TOY X9T}hOv xuncu, 15 E. Give me " place to 


ſand on, and I ſhall move the Earth. 
will 
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' the Planets Motion. 
will raiſe a great weight on the ſhort one. But 
then, the ſmall weight muſt move as much quicker 
than the great weight, as the latter-is heavier than 
the former; and the length of- the long arm of the 
lever muſt be in the ſame proportion to the length 
of the ſhort one. Now, ſuppoſe a man to pull, or 

reſs the end of the long arm wich the force of 
200 pound weight, and that the Earth contains in 
round numbers, 4,000,000,000,000,900,000,000 


or 4000 Trillions of cubic feet, each at a mean 


rate weighing 100 pound: and that the prop 
or center of motion of the lever is 6000 miles 
from the Earth's center: in this caſe, the length 


| of the lever from the Fulcrum or center of mo- 


tion to the moving power or weight ought to be 


12, ooo, ooo, ooo, ooo, ooo, ooo, ooo, ooo or 12 Qua- 


drillions of miles; and ſo many miles muſt the 
power move, in order to raiſe the Earth but one 


mile: whence it is eaſy to compote, that if Akchf- 


MEDZs, or the power applied, could move as ſwift as a 


cannon- bullet, it would take 27, oo0, ooo, ooo, ooo 
or 27 Billions of years to raiſe the earth one inch. 
Ik any other machine, fuch as a combination of 
heels. and ſcrews, was propoſed to move the Earth, 


the time it would require, and the ſpace gone 
through by the hand that turned the machine, 


would be the ſame as before. Hence we may 
learn, that however boundleſs our Imagination and 
Theory may be, the actual operations of man are 
= confined within narrow bounds; and more ſuited 


to our real wants than to our deſires. 


\ 


160. The Sun and Planets mutually attract each den to de- 
2 


other: the power by which they do ſos we call what Gras 
Gravity, But whether this power be mechanical vi is. 


or no, is very much diſputed. Obſervation proves 


| that the Planets diſturb one another's motions by 
it, and that it decreafes according to the ſquares of 
che diſtances of the Sun and Planets; as light, 

which is known to be 


material, likewiſe does. 
a Hence 
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The phyſical Canjes of 


Hence Gravity ſhould ſeem to ariſe from the agency 


of ſome ſubtle matter preſſing towards the Sun and 
Planets, and acting like all mechanical cauſes, by 
contact. But on the other hand, when we con- 


ſider that the degree or force of Gravity is exactly 


in proportion to the quantities of matter in thoſe 


bodies, without any regard to their bulks or quan- 


tities of ſurface, acting as freely on their internal 


as external parts; it ſeems to ſurpaſs the power of 


mechaniſm; and to be either the immediate agency 
of the Deity, or effected by a law originally eſta- 
bliſhed- and impreſt on all matter by him. But 


ſome affirm that matter, being altogether inert, 
cannot be impreſſed with any Law even by al- 
mighty Power: and that the Deity, or ſome ſub- 


ordinate intelligence, muſt therefore be conſtantly 
impelling the Planets toward the Sun, and moving 
them with the fame irregularities and diſturbances 
which Gravity would cauſe, if it could be ſuppoſed 


ro exiſt, But, if a man may venture to publiſh his 


own thoughts, it ſeems to me no more an abſurdity, 
to ſuppoſe the Deity capable of infuſing a Law, or 
what Laws he pleaſes, into matter, than to ſuppoſe 


him capable of giving it exiſtenee at firſt. The 
manner of both is equally inconceivable to us; but 


neither of them imply a contradiction in our ideas: 


and what implies no contradiction, is within the 


power of Omnipotence. 


1 
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161. That the projectile force was at firſt given 
by the Deity is evident. For, ſince matter can 


«© 


never put itſelf in motion, and all bodies may be 


moved in any direction whatſoever ; and yet the 
'* Planets, both primary and ſecondary, move from 
weſt to eaſt, in planes nearly coincident; whilſt the 
Comets move in all directions, and in planes very 


different from one another; theſe motions can 
be owing to no mechanical cauſe or neteſſity, 
but to the free will and power of an intelligent 


* 


162. What⸗- | 
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le Planets Motions, 


162. Whatever Gravity be, it is plain-that it 
acts every moment of time: for if its action ſnould 
ceaſe, the projectile force would inſtantly cafry off 
the Planets in ſtraight lines from thoſe parts of 
their Orbits where Gravity left them. But, the 
Planets being once put into motion, there is no 


occaſion for any new projectile force, unleſs they 


meet with ſome reſiſtance in their Orbits; nor for 
any mending hand, unleſs they diſturb one another 


too much by their mutual attractions. 


83 


163. It is found that there are diſturbances The Planets 


among the Planets in their motions, ariſing from 


diſturb one 
another's 


their mutual attractions when they are in the ſame motions, | 


quarter of the Heavens; and the beſt modern ob- 
' ſervers find that our years are not always preciſely 


of the ſame length *. Beſides there is feaſon to 
believe that the Moon is ſomewhat nearer the 


Earth now than ſhe was formerly; her periodical 
month being ſhorter than it was in former ages. 


0 e ” ” 


For our Aſtronomical Tables, which in Ri Os The conſe- 


Age ſhew the times of Solar and Lunar Eclipſes 
to great precifion, do not anſwer ſo well for very 
ancient Eclipſes. Hence it appears, that the Moon 
does not move in a medium void of all reſiſtance, 


F 174; and therefore her projectile force being a 
little weakened, whilft there is nothing to diminiſh 
her gravity, ſhe\muſt be gradually approaching 


nearer the Earth, deſcribing ſmaller and. ſmaller 
Circles round. it in every Revolution, and finiſhing 


her Period ſooner, although her abſolute motion 


If the Planets did not mutually attract one another, the 
areas deſcribed by them would be exactly proportionate to the 


times of deſcription, 5 153. But obſervations prove that theſe, 


areas are not in ſuch exact proportion, and are moſt varied when 
the greateſt number of Planets are in any particular quarter of the 
Heavens. When any two Planets are in conjunction, their mu- 
tual attractions, which tend to bring them nearer to one another, 
draws the inferior one a little farther from the Sun, and the ſuperior 


one a little nearer to him; by which means, the figure of their 
Orbits is ſomewhat altered; but this alteration is too ſmall to be 


diſcovered in ſeveral ages. 
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C oncorning the Nature and 


n to ſpace be not ſo quick 0 * it was 


formerly: and, therefore, ſne muſt come to the 
Earth at Jaft 3. unleſs. that Being which gave her 
à ſufficient projectile, farce at the beginning, adds 
a little more to it in due time. And, as all the 


Planets move in ſpaces full of ether and light, 


which are material fubſtances, they too muſt meet 


with ſame reſiſtance. And therefore, if their gra- 


vities are not diminiſhed, nor their projectile forces 
Increaſed, they mult neceſſarily approach nearer 


g and nearer the Sun, and at length fall upon 1 


The IT 
not eternal. 


unite with him. 

164. Here we have. a ſtrong nhilofophical argu- 

ment againſt the eternity of the World. For, had 
it exiſted from eternity, and been left by the Deity 
to be governed by the combined actions of the 
above forces or powers, generally called Laws, it 
| hadibeen at an end long ago. And if it be left to 
them, it muſt come to an end. But we may be 
- certain that jt will laſt as long as was intended by 
its Author, who ought no more to be found fault 
win for framing ſo NON a works: than for 
ring man een 1755 
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Light,” th Proportional Dpantities on the 45 fern 
eee Iis Refraftions in Water and Air. The 
© Atmoſpbere; its mw e 21 nin 5 bony 2 be Hori- 
_.*Zontal Moon. * Sy | IT 


285; F 1GHT- eondits 80 e mall per- 
I. ticles of marter iſſuing from a luminous 
bot s from a lighted candle ſuch particles of 


5 matter conſtantly flow in all directions. Dr. Nix w- 


The amaz- 
ing ſmall. 
neſs of the 


*ENTYT * compures, that in one ſecond of time there 


flows 418, 660, ooo, 0, 00⁰, O00, OO, 000,000,000, 
900, 00, oo0, ooo, ooo particles of light out of a 


1 of burning candle; which number contains at leaſt 


* Religious Philoſopher, Vol; III. p. 65. 


6 3 67 


6, 3471242,000,000 times the number of grains 
of ſand in the whole Earth; : fuppoſing 100 grains 
of ſand to be equal in length to an inch, and con- 


ſequently, every eubic inch of the Earth to con- 


tain one millien of ſuch grains. 
466. Theſe amazingly ſmall particles; by Arik The dread- 


fol eff 
ing upon our eyes, excite in our minds the idea OT 


of! light: and, if they were as large as the ſmalleſt enſoe from 


their being 


particles of matter diſcernible by our beſt micro- larger. 
ſcopes, inſtead of being ſerviceable to us, they 
would ſoon deprive us of ſight by the force ariſing 
from their immenſe velocity, which is above 164 
thouſand miles every ſecond *, or 1,230,000-times 
ſwifter than the motion of a cannon- bullet. And - 
therefore, if the particles of light were ſo large, ; 
that a million of them were equal in bulk to an 
ordinary grain of ſand, we durſt no more open our 
eyes to 4 light, than fuſer ſand ro be thot Point 
blank: againſt them. 

167 When theſe ſmall are, Ain from Howobjecte 


ch Sun Ar- from a candle, fall upon bodies, and rien vie 


ſible to us. 


are thereby reflected to our eyes, they. excite in 

us the idea of that body, by forming its picture 

on the retina T. And ſince bodies are viſible on 

all ſides, ht muft be N from them 1 in all 

ditections. = , 
168. A ray of. light E a continued eden of The rays of 


Light natu- 


thele particles, flowing from any viſible body in a f more 


frraight line.;. That the rays move in ſtraight, and in fish. 
not in <rooked lines, unleſs they be refracted, 3 
evident from bodies not being viſible if we endea- 

vour to look at them through the bore of a bended 

pipe; and from their ceaſing- to be ſeen by the 


Interpoſition of other bodies, as the fixed Stars by 


the interpoſition of the Moon and Planets, and 
the Sun whoily or in part by the interpoſition of 


the Moon, Mercury, or Venus. And that theſe Lee 


hind 
Trays do not interfere, or Joſtle one another out of ee mom 


This ill de demonſtrated in the eleventh Chapter. | 2 3 Mas 
80 0 hae net work membrane 1 in the bottom of the eye. | Q 
„5 MM . their 
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Concerning the N. ature and 


PLATE 11, their ways, in flowing from different. bodies all 


around, is plain from the following Experiment. 


Make a little hole in a thin plate of metal, and 


ſet the plate upright on a table, facing a row of 


lighted candles ſtanding by one another; then 


iT place a ſheer of paper or paſteboard at a little dif- 


tance from the other ſide of the plate, and the rays 


Re of all the candles, flowing through the hole, will 


48 85 form as 


Fig. XI, 


ed uf 
Io what 


proportion 
ligut and 
heat de- 


<reaſe at 


anv given 


diſtance 


from the. 
5 An. 


many ſpecks of light on the paper as 
there are candles before . plate; each ſpeck as 
dliſtinct and large, as if there were only one candle 
to caſt one ſpeck; which ſhews that the rays are 


no hindrance to el other in their motians, al- 


hon! 6 Corea all crols 1 in the rage 


iy 1694 hight and e e, 3 5 "gk as. it an 
pends on the Sun's rays ($ 85, towards the end), 
uecreaſes in proportion to the ſquares of the dif- 
tances of the Planets from the Sun. This is eaſily 


demonſtrated by a Figure which, together with 


its deſcription, I have taken from Dr. SmiTH's 


Optics . Let the light which flaws from a point 


A, and paſſes: through a ſquare hole B, be receiv- 
a plane C, parallel to the plane of the 
hole; or if you pleaſe, let the figure C be the 
ſhadow of the plane B; and when the diſtance C is 


double of B, the length and breadth of the ſha- 
dow O will be each double of the length and 


breadch of the plane B; and treble; when AD is 
treble of A5; and ſo on: which may be eaſily 


examined by the light of a candle placed at A. 


Therefore the ſurface of the ſnadow C, at the 
diſtaace 40 double of 4 B, is diviſible into four 


quares. and at à trehle diſtance, into nine ſquares, 


levetaſly equal to the ſquare B, as repreſented in 


the Figure. The light then which falls upon the 


1 plane Bo being ſuffered to paſs tO double that 
Uiſtance, will be uniformly ſpread over four times 
DIED? the ſpace, 10 Fonlegyendly, will be four ies 


* 2 4 28 Boote I. * 57. 
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To Properties of Light. f 97 


thinner in every part of that ſpace; and at a treble PLATE 11, 
diſtance, it will be nine times thinner; and at a 
quadruple diſtance, ſixteen times thinner," than it 
was at firſt; and ſo on, according to the increaſe 
of the ſquare ſurfaces B, C, D, E. built upon the 
diſtances AB, A C, A D, AE. Conſequently, the 
quantities of this farefied light received upon à 
ſurface of any given ſize and ſhape whatever, re- 
moved ſucceſſively to theſe ſeveral diſtances, will 
be but one fourth, one ninth, one ſixteenth, of 
the whole quantity received by it at the firſt diſ- 
tance AB. Or, in general words, the denſities and 
- quantities of light, received upon any given plane, 
are diminiſhed in the ſame proportion, as the 
ſquares of the diſtances of that plane, from the 
luminous body, are increaſed: and on the con- 
trary, are increaſed in the ſame proportion as theſe 
ſquares are diminiſned. 1 7 „„ 8..." 
170. The more a teleſcope magnifies the diſks Why the 
nets ap- 
of the Moon and Planets, they appear ſo much pear cim- 
dimmer than to the bare eye; becauſe: the tele- mer when , 
| ſcope. cannot magnify the quantity of light, as it telefcopes 
does the ſurface; and, by ſpreading the ſame than by We 
quantity of light over a ſurface, ſo much larger 25 
than the naked eye beheld, juſt ſo much dimmer 
muſt it appear when viewed by a teleſcope than 
pyit ns n ½?7!]x Jo 2 weed 
171. When a ray of light paſſes out of one 
medium into another, it is refracted, or turned 
out of its firſt courſe, more or leſs, as it falls 
more or leſs obliquely on the refracting ſurface 
which divides the two mediums. This may be 
proved by ſeveral experiments; of which we hall 
only give three for example's ſake I. In a baſon pig. vis. 
FG A put a piece of money as DB, and then retire 
from it as to A, till the edge of the baſon at E 
juſt hides the money from your fight; then, keep - 


= 
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A medium, in this ſenſe, is any tranſparent body, or that 
through which the rays of light can paſs; as water, glaſs, dia- 
mond, air, and even a vacuum is ſometimes called a Medium. 


64 ing 
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88 Concerning the Aimaſpbere. 
ing your fed ſteady, let another perſon | fill the 
baſon gently with water. As he fills it, you will 
Refradion ſee mort and more of the piece DA; which will 
5 be all in view when the baſoh is full, and appear 
42ꝛẽ0/ꝗgꝓs if lifted up to C For the ray A E B, which 
| | ol ſtraight whilſt the baſon was empty, is now 
bent at the ſurface of the water in E, and turned 
out of its rectilineal courſe into the direction E D. 
Ot, in other words, the ray DE K, that proceeded 
N in a ſtraight line from the edge D whilſt — baſon 
p wis empty, and went above the eye at A, is now 
bent at &; and inſtead of going on in the recti- 
lineal direction D K, goes in the angled direction 
DE 4, and by entering the eye at A renders the 
object DB. viſible. Or, -2dly, Place the baſon 
where the Sun ſhines obliquely, and obſerve where 
the ſhadow of the rim E falls on the bortom, as at 
B: then fill ic with water, and the ſhadow will fall 
at D; which proves, that the rays of light, falling 
ah + obliquely on the ſurface of the water, are refradted, 
or bent downwards into it. 
172. The leſs obliquely the rays of light fall 
vpon the ſurface of any medium, the lefs they are 
veſracted; and if they fall perpendicularly thereon, 
they are not refracted at all. For, in the laſt ex- 
periment, the higher the Sun riſes, the leſs will 
be the difference between the places where the. 
edge of the ſhadow falls, in the empty and full 
baton. And, 8 If a ſtick be laid over the 
| Þaſon,: and the Sun's. rays being reflected perpen- 
gicularly into it from a, looking-glaſs, the ſhadow 
of the tick will fall upon the ſame place of the bot 
tom, whether the baſon be full or empty. 
41 18. 1 he denfer that any medium i 18, 1 more 
| j tn Tetratted | in poſing through | g 5 Hog of 


Then, c 194: The Earth is *furrounded. by 2 thin fuid 
maſs of matter, called the Air or Atmoſphere, 
which gravitateg to the Earth, revolves with it in 
irs diupnal motion; and goes round the e Syn with 
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Concerning the Atmoſphere; 


it every year, This fluid is of an elaſtic or ſpringy © 


nature, and its lowermoſt parts, being preſſed by 
the weight of all the Air above them, are preſſed 
the cloſer together; and are therefore denſeſt of all 
at the Earth's Surface, and gradually rarer the 
higher up. It is well Known“ that the Air near 


the ſurface of our Earth poſſeſſes a ſpace about 
1200 times greater than Water of the ſame 


weight. And therefore, a cylindric column of 
Air 1200 feet high, is of equal weight with a cylin- 

der of Water of the ſame breadth, and but one 
foot high. But a cylinder of Air reaching to the 
top of the Atmoſphere is of equal weight with a 
cylinder of Water about 33 feet high ; and there- 
fore if from the whole cylinder of Air, che lower 
part of 1200 feet high is taken away, the remaining 
upper part will be of equal weight with a cylinder 
of Water 32 feet high; wherefore, at the height 
of 1200 feet, or two furlongs, the weight of the 
incumbept air is leſs, and conſequently the rarity 
of the 4 mpreſſed Air is greater than near the 


Eafeii s ſurface, in the ratio of 33 to 32. And 
the Air at all heights whatſoever, ſuppoſing the 
expanſion thereof to be reciprocally proportional 


to its compreſſion; and this proportion has been 


proved by the experiments of Dr. Hooke 'and © 
tation I have ſer _ 
down in the annexed Table: in the firſt column | 
of which you have the height of the Air in miles, 

whereof 3000 make a ſemi- diameter of the Earth, 
in the ſecond the compreſſion of the Air, or the 


others. The reſult of the comp 


incumbent weight; in the third 1 its rarity or ex- 
panſion, ſuppoſing gravity to decreaſe | in the du- 


plicate ratio of the diſtances from the Earth's 
center. And the ſmall numeral figures are here uſed 


to they what number of I my be Joined 


* Newros 5 ies of the Fett p. 120 | 
ths. hs ah is e from common 1 9058 | 


to 
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to the numbers expreſſed by the larger figures, as 
0. 71224 for 0.000000000000000001224, ' and 
26956'5 for -26956000000c000000000 .. 


FCC e -- 
ED 1 ie 
ee ; Height. | * | Ro 
end ra: ity at F | 1 Fg O 33 © © ©» + + | '» * | 
grfferent __ 1 ö vi 8: 14 8 186 
* ö 5 5 5 15 2 & „ 0 4 4 ö 
inn. 10 ; 9.6717 . 5 . 3e4151 | |; 
2Ch a 1 852 2 * 2 7 11.571 ; 5 4 
| 40 6. STEER » 6.1 » 036.83 . 
400 oO 269560 ũ/ꝗ⁵164g 
J en 0-185 gag 1.17 3602797 a0 3 - 
4c O 971628 | 2026379 
* 40-000] O. *78g95 41798. 
4 Was! 9.9878 tate.” 
þ 90 1 wr | eee i 
e the Shove T ie it appears that the Air 
in proceeding upwards is rarefied in ſuch manner, 
tnat a ſphere of that Air which is neareſt the Earth 
but of one inch diameter, if dilated to an equal 
rarefaction with that of the Air at the height of 
ten Temi-diameters of the Earth, would fill up 
more ſpace than is contained in the whole Heavens 
on this fide the fixed Stars. And it likewiſe ap- 
Pears that the Moon does not move in a perfectly 
free and unfeſiſting medium; although the Air, 
at a height equal to her diſtance, is at- leaſt 
22400'®P times thinner than at the Earth's ſurface; 
and therefore cannot reſiſt her motion, {0 as ta 
8 ſenſible i in N Pe, Wis de 2 | 
4 
2 es | 17 5. The MAPA, of the Ae at Wehe Earth's ſur- 


how fougd. face, is found by experiments made with the Air- | 


pump; and alſo by the quantity of mercury that 
the Atmoſphere balances” in the barometer; in 
which, at a mean ſtate, the mercury ſtands 292 
inches high. And if the tube were a ſquare inch 
wide, it would at that height contain 294 cubio 
* of mercury, which is Juſt 15 pound * 

ane 


Concerning the Atmoſphere. 9 5 


and ſo much weight of Air every ſquare inch of ++ 
the Earth's ſurface ſuſtains; and every ſquare foot 

144 times as much, becauſe it contains 144 ſquare 
inches. Now, as the Earth's ſurface contains, in 

round numbers, 200, ooo, ooo ſquare miles, it muſt 
contain no leſs than 3, 573, 680, ooo, ooo, ooo ſquare 

feet; which being multiplied by 2160, the num- 

ber of pounds on each ſquare foot amounts to 

12, 043, 468, 800, ooo, ooo, ooo pounds, for the 

weight of the whole Atmoſphere. At this rate, a 
middle: ſized man, whoſe ſurface is about 15 ſquare 

feet, is preſſed by 32, 400 pound weight of Air all 
around; for fluids preſs equally up and down, and 

on all ſides. But, becauſe this enormous weight 

is equal on all ſides, and counterbalanced by the 

ſpring of the Air diffuſed through all parts of our 
bodies, it is not in the leaſt degree felt by us, 

176. Oftentimes the ſtate of the Air is ſuch, A common 
that we feel ourſelves languid and dull; which is 5 „ 
commonly thought to be occaſioned: by the Air's weight of 
being foggy and heavy about us. But that the e at. 
Air is then too light, is evident from the mer- 
cury's linking in the barometer, at. which time it 
is generally found that the Air has not ſufficient _ 
ſtrength to bear up the Vapours which compoſe | 
the Clouds: for, when it is otherwiſe, the Clouds + 
mount high, and the Air is more elaſtie and weighty 

about us, by which means it balances the internal 

ſpring of the Air within us, braces up our blood- 

veſſels and nerves, and makes us briſk and lively. 

177. According to * Dr. KeiLL, and other aſtro- wie an 
nomical writers, it is entirely owing to/the Atmo- Atmoſphere 
ſphere that the Heavens appear bright in the day- e e 
time. For, without an Atmoſphere, only that wiys appear 
part of the Heavens would ſhine in which the Sun de Haul 
was placed: and if we could live without Air, bee no wui- 
and ſhould turn our backs toward the Sun, the 9 


whole Heavens would appear as 91 77 as in the 
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PLATE n. night, and the Stars would be ſeen as clear as in 


— the Atmoſpberes 


the nocturnal ſky. In this caſe, we ſhould have 
no twilight; — a ſudden tranſition from the 
brightef ſunſhine to the blackeſt darkneſs iname- 


diate ly: after ſun · ſet; and from the blackeſt dark- 


neſs do the brighteſt ſunſhine at ſun- riſing; which 
would be extremely inconvenient, if not blinding, 
co all mortals. But, by means of the Atmo- 
ſphere, we enjoy the Sun's light, reflected from 
the aerial particles, for ſome time before he riſes 


and after he ſets. For, when the Earth by its 


rotation has withdrawn our ſight from the 1 oa 
the Atmoſphere being ſtill higher than we, has the 
Sun's light imparted to it; which gradually de- 
creaſes until he has got 18 degrees below the Ho- 
rizon ; and then, all that part of the Atmoſphere 
which is above us is dark, From. the length of 
twilight, the Doctor has calculated the height of 


the Atmoſphere (ſo far as it is denſe enough to re- 


flect any light) to be about 44 miles. But it is 
ſeldom denſe enn at two miles 1 to bear 
up the Clouds. | +; <&Þ cas | 


It bring the 178. The 3 2 the Sun's 2 
| fo, as to bring him in ſight every clear day, before 


he riſes in the Horizon; and to keep him in view 


in ven alter for ſome minutes after he is really 75 below it. 


For, at ſome times of the year, we ſee the Sun ten 
minutes longer above the Horizon than he would 
be if there were no refractions: and about ſix mi- 
nutes every day at a mean rate. 

179. To illuſtrate this, let IE K be a part of 
dhe Earth's ſurface, covered with the Atmoſphere 
105 FC; and let H O be the“ ſenſible Horizon 
of an obſerver at E. When the Sun is at A, really 
below the Horizon, a ray of light AC proceeding 
from him comes ſtraight to C where it falls on 
the ſurface/af the Atmoſphere, and there entering 
à denſer medium, it is turned out of 1 its rectilineal 


1 fg; + 2 As far as one can ſee round him on the Earth. 


Cl 
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at E; wha then ſees the Sun in the direction of the 


are refracted, becauſe they fall leſs obliquely on 


height, the refraftion is not quite 5 min.; at 20 
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"the Aumoſſ here. 
courſe A CG 3 bent dawn to the obſerver's eye 


refrated ray Ede, which lies above the Horizon, 
and being extended out to the Heavens, ſhews the 
Sun at 3, 8177. 

180. The higher the Sun riſes, the leſs 15 rays 


the ſurface of the Atmoſphere, d 172. Thus, 
when the Sun is in the direction of 1 line Ef L 
continued, he is. ſo nearly perpendicular to the 
ſurface of the Earth at E, that his rays are bur 
very little bent from a red{ilineal courſe. 

181. The Sun is about 324 min. of a deg, i in 
breadth, when at his l diſtance from the haalen. 
Earth; and the horizontal refraction of his rays is 
331 min. which being more than his whole dia- 
meter, brings all bis Diſe in view, when his upper- 


moſt edge riſes in the Horizon. At ten deg. 


deg. only 2 min, 26 ſec.; at 30 deg. but 1 en 
32 ſec.; between which and the Zenith, it is 
ſcarce ſenſible: the quantity throughout. 232 
by the annexed pn E e xd Sir 1 2s 
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183. In all obſervations, to have the true alti- PLATE It, 

tude of the Sun, Moon, or Stars, the refraction 

muſt be ſubtracted from the © obſerved altitude. 

But the quantity of 'refraftion is not always the The incon- 
ſame at the ſame altitude; becavie heat diminiſhes nn 
the Air's refractive power and denſity, and cold 
increaſes both; and therefore no one table can 
ſerve preciſely for the ſame place at all ſeaſons, 
nor even at all times of the fame day; much leſs 
for different climates; it having been obſerved 
that the horizontal refractions are near a third part 
leſs at the Equator than at Paris, as mentioned by 

Dr. SM1TH*iin- the 370th remark on his Optics, 
where the following account is given of an extra- 
ordinary refraction of the Sun- beams by cold. 

“ There is a famous obſervation of this kind made 

by ſome Hollanders that wintered in Nova Zembla A e- 

in the year 1596, who were ſurprized to find, that case. 
after a continual night of three months, the Sun cnn 
began to riſe ſeventeen days ſooner than according : 
to computation, deduced from the Altitude of the 
Pole obſerved to be 76“: which cannot otherwiſe 
be accounted for, than by an extraordinary refrac- 
tion of the Sun's rays, paſſing through the cold 
denſe air in that climate. Kepler computes that 
the Sun was almoſt five degrees below the Horizon 
when he firſt appeared; and confequently the re- 
fraction of his rays was about nine times greater 
than ir N With . at Wit 

184. The Sun and Moon appear of an oval 
figure, as FCG D, juſt after their riſing, and be- rig. x. 
fore their ſetting : the reaſon is, that the refraction 
being greater in the Horizon than at any diſtance 
above it, the lowermoſt limb G appears more ele- 
vated than the uppermoſt. But although the re- 
fraction ſhottens the vertical Diameter FG, it has 
no ſenſible effect on the horizontal Diameter C D, 
wich is all equally elevated. When the refraction 
is ſo ſmall as to be imperceptible, the Sun and 
Moon appear perfectly round, as A EPF. | 
56 | 185. We 
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Concerning the Atmoſphere. 


185. We daily obſerve, that the objects which 
appear moſt diſtinct are generally thoſe which are 
neareſt to us; and conſequently, when we have 
nothing but our imagination to aſſiſt us in eſtimat- 
ing of diſtances, bright objects ſeem nearer to us 
than thoſe which are leſs bright, or than the ſame 


objects do when they appear leſs bright and worſe 


defined, even though their diſtance in both caſes 
be the ſame. And if in both caſes they are ſeen 


under the ſame Angle *, our imagination natu- 


* An Angle is the inclination of two right lines, as IH and 
KH, meeting in a point at H; and in deſcribiag an Angle by 
three letters, the middle letter always denotes the angular 
point: thus, the above lines IH and XK H meeting each other 
at H, make the Angle IHK. And tbe point M is ſuppoſed to 


be the center of a Circle, the circumference of which contains 


360 equal parts, called Degrees. A fourth part of a Circle, 
called a. Quadrant, as GE, contains 9o degrees; and every 
Avgle is meaſured by the number of degrees in the. Arc it cuts 


| off; as the Angle EH is 45 degrees, the Angle HH 33, &c. 


and ſo the Angle EHF is the ſame with the Angle CHN, and 
alſo with the Angle AH M, becaufe they all cut off the ſame 


Arc or portion of the Quadrant EG; bot the Angle EH 


is greater than the Angle CHD or AHL, becauſe it cuts off a 
greater Are. oh Ry ds 745-01 

The nearer an object is to the eye, the bigger it appears, 
and under the greater Angle is it ſeen. To illuſtrate this a 
little, ſuppoſe an Arrow in the poſition I X, perpendicular to the 
right line HA drawn from the eye at # through: the middle of 
the Arrow at O. It is plain that the Arrow is feen under the 
Angle IH K, and that HO, which is its diſtance from the eye, 
divides into halves both the Arrow and the Angle under which 
it is ſeen, wiz. the Arrow imo 10. OK, and the Angle into 
THO and XH O: and this will de the caſe whatever diſtance 
the Arrow is placed at. Let new three Arrows, all of the ſame 


length with TX, be placed at the diſtances H A, HC, HE, till 


pervendicular to, and biſected by the right hne HA: then will 


433, CD, EF, be each equal to, and repreſent O IT; and' 4 B 
(the ſame as OZ) will be feen from H under the Angle 4 HB; 


but CD (the fame as OT) will be ſeen under the Angle CHD 
or AHE; and EF (the ſame as O will be ſeen under the 


Angle E HF, or CHN, or AHM Alſo EF or © Fat the dif- 


tance HE will appear as long as G would at the diſtance HC, 
or as A M would at the diſtance H A; and CD or TO at the 
diſtance HC will appear as long as 4 L would at the 75 


The Phenomena of the Horizontal Moon, &c. 97 | 


rally ſuggeſts an idea of a greater diſtance between 
us and thoſe objects which appear fainter and — 
worſe defined than thoſe which appear brighter i 
under the ſame Angles ; eſpecially if they be ſuch 
objects as we were never near to, and of whoſe 
real Magnitudes we can be no judges by ſight. 

186. Bur, it is not only in judging of the dif- eee, 
ferent apparent Magnitudes of the fame objects, 3 
which are better or worſe defined by their being cceflible, 
more or leſs bright, that we may be deceived : for 
we may make a wrong concluſion even when we 
view them under equal degrees of brightneſs, and 
under equal Angles; although they be objects 

whoſe bulks we are generally acquainred with, 
ſuch as houſes or trees: for proof of which, the 
two following inſtances may ſuffice : 

Fifſt, When a houſe is ſeen over a very broad The te, n 
river by a perſon ſtanding on low ground, who * 
ſees nothing of the river, nor knows of it before- 
hand; the "breadth of the river being hid from 
him, becauſe the banks ſeem contiguous, he loſes 
the idea of a diſtance equal to that breadth; and 

the houſe ſeems ſmall, becauſe he refers it to a leſs 
diſtance than it rcally is at, Bur, if he goes to a 
place from which the river and interjacent ground 
can be ſeen, though no farther from che houſe, he 
then percelves the houſe to be at a greater diſtance 
than he imagined; and therefore fancies 1t to be 
bigger than he did at firſt; although in both caſes 
it appears under the ſame angle, and confequently 
makes no bigger picture on the retina of his eye 
in the latter caſe than it did in the former. Many 
have been deceived, by taking a red coat of arms, 
. e the iron gate in Clare Haut walks ac 
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The Phenomena of ile 
Cambridge, for a brick houſe at a much greater 


_ diſtance *. | 


Secondly, In foggy weather, at firſt fight, we 


generally imagine a ſmall houſe, which is juſt at 


* 


Fig, XII. 


hand, to be a great caſtle at a diſtance ! becauſe it 
appears ſo dull and ill-defined when ſeen through 
the Miſt, that we refer it to a much greater diſ- 
tance than it really is at'; and therefore, under the 
ſame Angle, we judge it to be much bigger. For, 
the near object FE, ſeen by the eye AB D, appears 
under the ſame Angle GCH that the remote ob- 
jet G HI does: and the rays GFCN and HECM 
croſſing one another at C in the pupil of the eye, 
limit the ſize of the picture MN on the retina; 
which is the picture of the object FE, and if FE 
were taken away, would be the picture of the ob- 


ject 6 HI, only worſe defined; becauſe G H 7, 


being farther of, appears duller and fainter than 
FEE did. But when a Fog, as KL, comes be- 
tween the eye and the object FE, the object ap- 
pears dull and ill defined like G 7 1; which cauſes 
our imagination to refer FE to the greater dil- | 
tance CH, inſtead of the fmall diſtance CE which it 
really is at. And conſequently, as miſ-judging 
the diſtance does not in the leaſt diminiſh the 
Angle under which the object appears, the ſmall 
hay-rick FE ſeems to be as big as HI. 


The fields which are beyond the gate riſe gradually till they 


are juſt ſeen over it; and the arms being red, are often miſtake n 


for a houſe at a confiderable diſtance in thoſe fields. | 
I once met with a eviicus deception in a gentleman's garden 
at Hackney, occaſioned by à large. pane of glaſs in the garden- 


Wall at fome diſtance from his houſe. The glaſs (through 


which the ſky was ſeen from low ground) reflected a very 
faint image of the. Houſe ;. but the image ſeemed to be in the 
Clouds near the Horizon, and at that diſtance looked as if it 
were a huge caſtle in the Air, Vet, the Angle under which 
the image appeared, was equal to that under which the hcuſe 
was ſeen: but the image being mentally referred to a much 
greater diſtance than the houſe, appeared much bigger to the 
Imagination. | | | 
© 187. The 


thoſe about or e in the Horizon HEe. 
fore, when the Sun or Moon appear in the Hori- 


mer, cauſes us to imagine them to be at a 


Horiaontal Moon enplaineddl. 


187. The Sun and Moon appear bigger ih the PLATE 1. 


Fs A 
1 
* 


Horizon than at any conſiderable height above it. Fie- IX 


| Theſe Luminaries, although at great diſtances 


from the Earth, appear floating; as it were, on the 


| ſurface of our Atmoſphere HG EfeC; a little way 


beyond the Clouds; of which; thoſe about ; why the 


Sun and 


directly over our heads at E, are nearer us than 


20n at e, they are not only ſeen in a part of the 
Sky which is really farther from us than if they 
were at any conſiderable Altitude, as about 7; but 


Moon ap- 


There- pe ar biggeſt 


in the Hos 
rizon. : 


they are alſo ſeen through a greater quantity of 


Air and Vapours at e than at F. Here we have 
two concurring appearances which deceive our 
Moon to greater diſtance at their riſing or ſet- 
ting about e, than when they are conliderably 
high, as at f: firſt, their ſeeming to be on a part 
of the Armoſphere at e, which 1s really farther 
than F from a ſpectator at E; and ſecondly, their 


\ 


ya and cauſe us to refer the Sun and 


being ſeen through a groſſer medium when at 6 


than when at /; which, by rendering them dim- 
| we 
greater diſtance. And as; ih both caſes, they are 
ſeen * much under the ſame Angle, we naturally 
judge them to be biggeſt when they ſeem fartheſt 
from us; like the above-mentioned houſe, & 186, 


ſeen from a higher ground, which ſhewed it to be 


farther off than it appeated from low ground: or 
the hay-rick, which appeared at a greater diſtance 
by means of an interpoſing Fog. 


* 
=p — £4 
0 


188. Any one may ſatisfy himſelf that the Moon Their ap- 
parent Dia- 
meters are: 
no: leſs on 
the Meri- 
dian than ig 
the Hork- 


appears under no greater Angle in the Horizon 
than on the Meridian, by taking a large ſheet of 
paper, and rolling it up in the form of a Tube, 
of ſuch a width, that obſerving the Mocn through 
The Sun and Moon ſobtend a greater Angle on the Meri- 
Jian than in the Horizon, being nearer the Obſerver's Place in 
the former caſe than in the latter. | a 
: El 2 | it 


4 


20n. 
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"The Method of finding the Diftances 

it when ſhe riſes, ſhe may, as it were, juſt fill the 
Tube; then tie a thread round it to keep it of 
that ſize; and when the Moon comes to the Meri- 
dian, and appears much leſs to the eye, look at 
her again through the ſame Tube, and ſhe will fill 
„ it juſt as much, if not more, than ſhe did at her 

= riling. | 3 . 
189. When the full Moon is in perige, or at 
her leaſt diſtance from the Earth, ſhe is ſeen under 
a larger Angle, and muſt therefore appear bigger 
than when ſhe is full at other times; and if that 
art of the Atmoſphere where ſhe riſes be more 
| replete with Vapours than uſual, ſhe appears ſo 
much the dimmer; and therefore we fancy her to 


be til] the bigger, by referring her to an unuſually 
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bh great diſtance; knowing that no objects which 

= - are very far diſtant can appear big unleſs they be 

1 really ſo. $57 gs - 
# The Method of finding the Diſtances of the Sun, 

| | Moon, and Planets, 

| 190. HOSE who have not learnt how to 
atk take the * Altitude of any Celeſtial 
þ1 Phenomenon by a common Quadrant, nor know 
6 ; ith any 
Wi | 
wy 5 * The Altitude of any celeſtial Object is an arc of the 
10 Sky intercepted between the Horizon and the Object. In 
1 Fig. VI. of Plate II. let HO A be a horizontal line, ſuppoſed 
It to be extended from the eye at 4 io X, where the Sky and 


Earth ſeem to meet at the end of a long and level plain; and let 
C be the Sun. The arc X will be the Sun's height above 
the Horizon at A, and is found by the inſtrument ECD. which 
is a quadrantal board, or plate of metal, divided into go equal 
Parts or degrees on its limb D PC; and has a couple of little 
brais plates, as à and 6, with a ſmall hole in each of them, 
called Sight-Holes, for looking throvgh, parallel to the edge of 
the Quadrant whereon they ſtand. To the center E is fixed 
one end of a thread F, called the Plumb Line, which has a ſmall 
weight or plummet P fixed to its other end. Now, if an ob- 
ſerver holds the Quadrant upright, without inclining it » 
> | either 
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any thing of Plain Trigonometry, may paſs over PLATE 
the firſt Article of this ſhort Chapter, and take the 


Aſtronomer's word for it, that the diſtances of the 
Sun and Planets are as ſtated in the firſt Chapter 


of this Book. But, to every one who knows how 
to take the Altitude of the Sun, the Moon, or a 


Star, and can ſolve a plain right-angled Triangle, 
the following method of finding the diſtances of 


the Sun and Moon will be eafily underſtood. 
Let BAG be one half of the Earth, AC its Fig. 1. 
ſemidiameter, S the Sun, m the Moon, and EKOL 
a quarter of the Circle deſcribed by the Moon in 


revolving from the Meridian to the Meridian 


again, Let CRS be the rational Horizon of an 
obſerver at A, extended to the Sun in the Hea- | 


vens; and HA his ſenſible Horizon, extended to 
the Moon's Ortit. 4 LC is the Angle under which 
the Earth's ſeſtidiameter 4 C is ſeen from the 
Moon at L, which is equal to the Angle O AL, 
becauſe the right lines 40 and CL which include 


both theſe Angles are parallel. ASC is the Angle 


either ſide, and 6 that the Hollus at X is ſeen through the 


ſighi-holes @ and &, the plumb-line will cut or hang over the 
beginning of the degrees at o, in the edge EC; but if he ele- 
vates the Quadrant fo as to look through the ſight- holes at any 
part of che Heavens, ſuppoſe the Sun at S; juſt ſo many de- 
grees as he elevates the ſiaht-hole 5 above the horizontal line 
HO A, ſo many degrees will the plumb-line cut in the limb 
CP of the Quadrant. For, let the obſerver's eye at 4 be in 


the center of the celeſtial Arc V (and he may be ſaid to be 


in the center of the Sun's apparent diurnal Orbit, let aim be 
on what part of the Barth he will) in which Arc the Sun is 
at that time, ſuppoſe 25 degrees high, and let the obſerver 
bold the Quadrant ſo that he may ſee the Sun through the 
ſight holes; the plumb-line freely playing on the Quadrant 
will cut the 2;th degree in the limb CP, equal to the number 
of degrees of the Sun's Altitude at the time of obſervation, 
N. B. Whoever looks at the Sun muſt have a ſmoked glaſs 


before his eyes to ſave them from hurt, The better way is 


not to look at the Sun through the fight-holes, but to hold the 


| Quadrant facing the eye, at a little diſtance, and ſo that the 
Sun ſhining through one hole, the ray may he ſeen to fall on 


the other, 


A under 
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under which the Earth's ſemidiameter 4 1s ſeen 
from the Sun at S. and is equal to the Angle OA us. 
becauſe the lines AO and CRS are parallel. Now, 
it is found by obſervation, that the Angle OAL is 
much greater than the Angle O4; but OA is 
equal to ALC, and O Af is equal to ASC. Now, 
as ASC is much leſs than ALC, it proves that the 
Farth's ſemidiameter 4 C appears much greater as 
ſcen from the Moon at L, than from the Sun at 
S; and therefore the Earth is much farther from 
the Sun than from the Moon*. The Quantities 
of theſe Angles may be determined * obſervation 
in the following manner: | 
Let a graduated inſtrument, as DAE (the larger 
the better) having a moveable Index with Sight? 
holes, be fixed in ſuch a manner, that its plane | 
furiace may be parallel to the plane of the Equa- 
tor, and its edge AD in the Meridian: ſo that 
when the Moon is in the Equinoctial, and on the 
Meridian ADE, ſhe may be ſeen through the ſight- 
holes when the edge of the moveable index cuts 
the beginning of the diviſions at o, on the gra- 
duated limb DE; and when ſhe is ſo ſeen, let the 
preciſe time be noted. Now, as the Moon revolves 
about the Earth from the Meridian to the Meridian 
again in about 24 hours 48 minutes, ſhe will go a 
fourth part ar © it in a fourth part of that time, 
viz, in 6 hours 12 minutes, as ſeen from C, that 
is, from the Earth's center or Pole. But as ſeen 
Eo from A, the obſerver's place on the Earth's ſur- 
face, the Moon will ſeem to have gone Aa quarter 
round the Earth when ſhe comes to the ſenſible 
Horizon at O; for the Index through the fights 
of which he is then viewed will be at 4, go de- 
grees from D, where it was when ſhe was ſeen at 
Z. Now, let the exact moment when the Moon 
js ſeen at O (which will be when ſhe is in or near 
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the ſenſible Horizon) be carefully noted , that 


103 


it may be known in what time ſhe has gone from : 


E to O; which time ſubtracted from 6 hours 12 
minutes (the time of her going from E to L) leaves 
the time of her going from O to L, and affords an 
eaſy method for finding the Angle OAL (called 
the moon's borizontal Parallax, which is equal to 
the Angle ALC) by the following Analogy : As 
the time of the Moon 8 deſcribing 1 the Arc EO is 
to 90 degrees, fo is 6 hours 12 minutes to the 
degrees of the Arc Dd E, which meaſures the Angle 
E AL; from which ſubtract go degrees, and there 
N the Angle OA L, equal to the Angle ALC, 
under which the Earth's ſemi- diameter AC is ſeen 
from the Moon. Now, ſince all the Angles of a 
right-lined Triangle are equal to 180 degrees, or 
to two right Angles, and the ſides of a Triangle 
are always proportional to the Sines of the oppo- 
ſite Angles, ſay, by the Rule of 7. bree, as the Sine 
of the Angle ALC at the Moon L is to its oppo- 
ſite fide AC, the Earth's femi- diameter, which is 
known to be 3985 miles, ſo is Radius, viz. the 
Sine of go degrees, or of the right Angle AC, 
to its oppoſite ſide AZ, which is the Moon's diſ- 
tance at L from the obſerver's place at A on the 
Earth's ſurface; or, ſo is the Sine.of the Angle 
CAL to its oppoſite ſide C L, which is the Moon's 
diſtance from the Earth's center, and comes out 
at a mean rate to be 240,000 miles. The Angle 
CAL is equal to what OAL wants of go degrees. 
191. The Sun's diſtance from the Earth might 
be found the ſame way, though with more dif- 
ficulty, if his horizontal Parallax, « or the Angle O AS, 
equal to the Angle ASC, were not fo ſmall, as 


The Moon's 
horizontal 
Parallax, 
what. 


The Moon's 
diſtance de- 
termined. | 


The Sun's 
diſtance 
cannot be 
yet ſo ex. 
actly deter- 
mined as 


to be hardly perceptible, being ſcarce 10 ſceondd. the Moon's. 


of a minure, or the 360th part of a degree. But 


* N proper allowance wal he made for the Reſraction, 
which being about 34 minutes of a degree in the Horizon, will 
. cauſe the Moon's center to appear 34 minutes above the Horizon 
when her center is really in it. 
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the Moon's horizontal Parallax, or Angle O AZ., 
equal 0 the Angle AL C, is very diſcernible, be- 
ing 57 18“, or 3438” at its mean ſtate; which is 
more than. 340 times as great as the Sun's: and 
therefore, the diſtances of the heavenly bodies 
being inverſely as the Tangents of their horizontal 
Parallaxes, the Sun's eee from the Earth 1 is 
at leaſt 340 times as great as the Moon's; and is 
rather under-rated at 81 millions of miles, when 
the Moon's diſtance is certainly known to be 240 
thouſand. But becauſe, according to ſome Aſtro- 
nomers, the Sun's. horizontal Parallax is 11 ſe- 
conds, and according to others only 10, the former 
; Parallax making the Sun's diſtance to be about 


75,000,000 of miles, and the latter 82,000,000 ; 


we may take it for granted, that the Sun's diſtance 
is not lefs, than as deduced from the former, nor 


more than as ſhewn by the latter : and every one 


who is accuſtomed to make ſuch obſervations, 


knows how hard it is, if not impoſſible, to avoid 
an error of a ſecond; eſpecially on account of the 
inconſtancy of horizontal Refractions. And here, 


the error of one ſecond, in ſo ſmall an Angle, will 
make an error of 7 millions of miles in fo great 


a diſtance as that of the Sun's. But Dr. HALLEYT 


has ſhewn us how the Sun's diſtance from the 
Earth, and conſequently the diſtances of all the 
Planets from the Sun, may be known to within 
a gooth part of the whole, by a Tranſit of Venus 
over the Sun's Diſc, which will happen on the 6th 


| 
How near 


the rrath it Of June, in the year 1761; till which time we muſt 


may ſoon be content ourſelves with allowing the Sun's diſtance 


determined. 
| to be about 81 millions of. miles, as comapnly 
ſtated by Aſtronomers. 
The s 192. The Sun and Moon appear much about 


proved to be the ſame bulk: And every one who underſtands 

much bigger 

thanthe Geometry, knows how their true bulks may be 

Moon. deduced from the apparent, when their real diſ- 
tances are known. Spheres are to one another as 
the Cubes of their Diameters ; whence, if the Sun 


5 | be 
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be 81 millions of miles from the Earth, to appear 
as big as the Moon, whoſe diſtance does not ex- 
ceed 240 thouſand miles, he muſt, in ſolid bulk, 
be 42, millions 875 thouſand times as big as the 
Moon. S 

193. The horizontal Parallaxes are beſt A 
at the Equator; 1, Becauſe the heat is fo nearly 
equal every day, that the Refractions are almoſt 
conſtantly the fame. 2. Becaule the parallactic 
Angle is greater there, as at A (the diſtance from 
thence to the Earth's Axis being greater) than up- 
on any parallel of Latitude, as 4 or b. 


194. The Earth's Adee from the Sun being Therelative 
determined, the diſtances of all the other Planets 1 
from him are eaſily found by the following ana- eee 
logy, their periods round him being aſcertained by eden 
obſervation. As the ſquare of the Earth's period gent preci- 
round the Sun is to the cube of its diſtance from wertes 
the Sun, ſo is the ſquare of the period of any other {tence are 
Planet to the cube of its diſtance, ſuch parts or known, 

_ meaſures as the Earth's diſtance was taken; ſee 

$ 111. This proportion gives the relative mean 
diſtances of the Planets from the Sun to the great- 

eſt degree of exactneſs; and they are as follows, 
having been deduced from their periodical times, 
according to the law juſt mentioned, which was 
diſcovered by AS, and demonſtrated by Sir 


Isaac NewrTon * 


* All the following calculations on the next page, except thoſe 
in the two laſt lines before $ 195, were printed in former editions 
of this work, before the year 1761, Since that time, the ſaid 
two lines (as found by the Traniu A. D. 1751 were added; and 
alſo F 195. 


Periodical 
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Periodical Revclutions to the ſame fixed Star in days and deci 


mal jarts of a day. | 
Mercury Venus The Enth Mars Jupiter 8a urn 
87.992 224.6176 365.2504 686.9785 4332. 514 107,9.275 
Rei: ative mean aiſiances frem the Sun. | 
38710 72333 100009 1352369 520096 95 1006 
From theſe num bers wwe deduce. that if the Sun's horizontal Parallas be 10%, 
the real mean diflances of the Pianets from the Sun in Engl ſh es are 
31,742, 0 $9,313,060 82, oo, oc o 04 94%» 680 426,478,720 782,284, 920 
But if the Sun's Parailex be 11”, their diſtances are no more 3 
29, % $4,233,579 25% οõe 1 4,276, 50 390,034,500 715,504,500 
Errers in dijtance arifing from the mi/lake of 1" in the Sun's Parallax. 
2,709,760 _$,074,499 7,000,000 10,665,830 3%444-220 66,780,420 
But, frem the late Wren of Venus. A V. 1701, the dun's Parallax ap- 
KU ens to be only & 8 ; and according to that, their real diſtances in miles 


$6,851,468 68,391,486 957173 127 143075168 494,990,970 907,956,130 
| And their alameters, in miles, are 2 


3100 9360 7990 5150 94,100 77.950 


195. Theſe numbers ſhew, that although we 
have the relative diſtances of the Planets from the 
Sun to the greateſt nicety, yet the beſt obſervers 
could not aſcertain their true diſtances, until the 
late long wiſhed-for Tranſit appeared, which we 
muſt confeſs was embarraſſed with ſeveral difficul- 
ties. But there will be another Tranſit of Venus 
over the Sun on the third of June, 1769, much 
better ſuiced to this great Problem..-We wiſh the 
Sky may be clear at all Places of obſervation, ſince 
there will not be ſuch an opportunity again in leſs 
than 105 years afterward, 

195. The Earth's Axis produced to the Stars, 


| 

| 

1 

being carried“ parallel to itſelf during the Earth's | 

annual revolution, deſcribes a circle in the Sphere | 

2 of the fixed Stars equal to the Orbit of the Earth. f 
Why the Bot this Orbit, though very large, would ſeem no . 
eee bigger than a point if it were viewed from the / 
to keep Kill Stars; and ee the circle deſcribed in | 
in the ſame a 
avs cy ® By this is meant, that if a line 5 ſuppoſed to be drawn pa- - 


yotw'th- rallel ro the Earth's Axis in any part of i its Orbit, the Axis keeps 
Kandiog the parallel to that line in every other part / of its Orbit: as in Fig, I. 
Earth's mo- of Plate V. where abcdefeh repreſents the Earth's Orbit in an ob- 


tion rout d 


the Sun. lique view, and Vs the Earth's Axis HOLY always parallel to 
8 the N * 


the 
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the Sphere of the Stars by the Axis of the Earth 
produced, if viewed from the Earth, muſt appear 
but as a point; that is, its diameter appears too 
little to be meaſured by obſervation: for Dr. 
BRADLEY has aſſured us, that if it had amounted 
to a ſingle ſecond, or two at moſt, he ſnould have 
perceived it in the great number of obſervations he 
has made, eſpecially upon y Draconis; and that it 
ſcemed to him very probable that the annual Pa- 
rallax of this Star is not ſo great as a fingle ſecond; 
and conſequently, that it is above 400 ie 
times farther from us than the Sun. Hence the 
celeſtial poles ſeem to continue in the ſame points 
of the Heaven throughout the year; which by 
no means diſproves the Earth's annual motion, but 
plainly proves the diſtance of the Stars to be ex- 
ceeding great. 

197. The ſmall apparent motion of the Stars, 
§ 113, diſcovered by that great Aſtronomer, he 
tound to be no ways owing to their annual Parallax 
(for it came out contrary thereto), but to the Aber- 
ration of their light, which can reſult from no 
known caufe Seide that of the Farth's annual 
motion; and as it agrees ſo exactly therewith, it 
proves beyond diſpute that the Earth has ſuch a 
motion: for this Aberration campletes all its va- 


; rious Phenomena every year: and proves that the The amar- 
velocity of ſtar light is ſuch as carries it through a 5 

- ſpace equal to the Sun's diſtance from us in Fan. 

; nutes 13 ſeconds of time. Hence, the velocity of 

Light is ® 10 thouſand 210 times as great as the 

; Earth! 's velocity in its Orbit; which velocity (from 

what we know already of the Earth's diſtance from 

« the Sun) may be aſſerted to be at leaſt between 57 

and 58 thouſand miles every hour: and ſuppoling 

7 it to be 58000, this number multiplied by the 

102 10, gives 592 million 180 thouſand miles for f 

. the hourly motion of Light: which laſt number 

by divided by 3600, the number of ſeconds in an 


* SM1TH's Optics, § 1197. | 
e . 2 | hour, 
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Of the different Seaſons, 


N 


PLaTeE hour, thews that Light flies at the rate of more 


Iv. 


— 


Circles of 
the 8 pucre. . 


Fig. I. 


Fquator, 
Tropics, 
Polar (ir- 
cles, and 


Poles, | 


Fig. II. 


Farth's 
Axis. | 


than 164 thouſand miles every ſecond of time, or 
foing of a common clock pendulum, | 


CH AP. X. 


— 


The Circles of the Globe deſcribed. The different 


lengths of days and nights, and the viciſſitudes of 
\ ſeaſons, explained. The explanation of the Pheno- 
men of Saturn's Ring concluded. (See F81and 82.) 


EK F the reader be hitherto unacquainted with 
the principal circles of the Globe, he ſhould 
now learn to know them; which he may do ſuffi- 
ciently for his preſent purpoſe i in a quarter of an 
hour, if he ſets the ball of a terreſtrial Globe be- 
fore him, or looks at the Figure of ir, wherein 
theſe circles are drawn and named. The Equator is 
that great circle which divides the northern half of 
the Earth from the ſouthern. The Tropics are leſſer 
circles parallel to the Equator, and each of them 
is 231 degrees from it; a degree in this ſenſe being 
the 360th part of any great circle which divides 
the Earth into two equal parts. The Tropic of 
Cancer lies on the north ſide of the Equator, and 
the Tropic of Capricorn on the ſouth, . The Ar&#ic 


Circle has the North Pole for its center, and is juſt 


as far from the North Pole as the Tropics are from 
the Equator: and the Antarctic Circle (hid by the 
ſuppoſed convexity of the figure) is juſt as far from 
the South Pole, every way Tound 5s Theſe Poles 
are the very north and fouth points of the Globe : 
and all other places are denominated northward or 


| ſouthward, according to the fide of the Equator 


they lie on, and the Pole to which they are neareſt, 
The Earth's Axis is a ſtraight line paſſing through 
the center of the Earth, perpendicular to the 
E.quator, and terminating in the Poles at its ſur- 
face. This, in the rea] Earth and Planets, is only 
an imaginary line; but in artificial Globes or Pla- 
nets it is a wire by which they are ſupported, and 

turned 
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turned round in Orreries, or ſuch like machines, 
by wheel-work. The circles 12. 1. 2. 3. 4. &c. 
are Meridians to all places they paſs duh and 
we muſt ſuppoſe thouſands more to be drawn, be- 
cauſe every' place that is ever ſo little to the eaſt or 
weſt of any other place, has a different meridian 
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Meridians. 


from that other place. All the Meridians meet in 


the Poles; and whenever the Sun's center is paſſing 
over any Meridian, in his apparent motion round 
the Earth, it is mid-day or noon to all 9 on 
2 Meridian. 


„ broad Space lying between the tro: 5 


Ws. like a girdle ſurrounding the Globe, is called 
the /orrid Zone, of which the Equator is in the mid- 
dle, all around. The Space between the Tropic of 
Cancer and Arctic Circle is called the North tem- 
perate Zone. That between the Tropic of Capri- 
corn and the Antarctic Circle, the South temperate 
Zecne. And the two circular Spaces bounded by the 
Polar Circles are the two frigid Zcnes; denomi- 
nated ncrth or ſouth, from that Pole which is in the 
center of the one or the other of them, 


'2co. Having acquired this eaſy branch of know- 
ledge, the learner may proceed to make the fol- 
lowing experiment with his terreſtrial ball ; which 
will give him a plain idea of the diurnal. and an- 
nual motions of the Earth, together with the dif- 
ferent lengths of days and nights, and all the beau- 
tiful variety of ſeaſons, depending on thoſe mo- 
tions. 

Take about ſeven feet of ſtrong wire, and bend 


Zones. 


it into a circular form, as abcd, which being viewed rig. nt. 


obliquely, appears elliptical as in the Figure. 


A pleating : 


experiment, 


Place a lighted candle on a table, and having fixed ſhewing the 


one end of a filk thread K, to the north pole of a ay 


{mall terreſtrial Globe H, about three inches dia- «ys and 


meter, | cauſe another perſon to hold the wire 


nights, and 
the vori- ty 


circle, fo that it may be parallel to the table, and of ſeaſuns, 
as high as the flame of the candle J. which ſhould. 
be 
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be in or near the center. Then, having twiſted 
the thread as towards the left hand, that by un- 
twiſting it may turn the Globe round eaſtward, or 
contrary to the way that the hands of a watch 
move; hang the Globe by rhe thread within this 
circle, almoſt contiguous to it; and as the thread 


| untwiſts, the Globe (which 1s enlightened half 


round by the candle as the Earth is by the Sun) 
will turn round its Axis, and the different places 
upon it will be carried through the light and dark 
Hemiſpheres, and have the appearance of a regular 
ſucceſſion of days and nights, as our Earth has in 
reality by iuch a motion. As the Globe turns, 
move your hand ſlowly, ſo as to carry the Globe 
round the candle according to the order of the 
letters abcd, keeping its center even with the wire 
circle; and you will perceive, that the candle 
being ſtill perpendicular to the Equator, will en- 
lighten the Globe from pole to pole in its whole 
motion round the circle; and that every place on 
the Globe goes equally through the light and the 
dark, as it turns round by tke untwiſting of the 


thread, and therefore has a perpetual Equinox. 


The Globe thus turning round repreſents the 


Earth turning round its Axis; and the motion of 


the Globe round the candle repreſents the Farth's 


annual motion round the Sun, and ſhews, that if | 


the Earth's Orbit had no inclination to irs Axis, all 


the days and nights of the year would be equally 


long, and there would be no different ſeaſons. 
But now, delire the perſon who holds the wire to 
hold it obliquely in the poſition ABCD, raiſing 


the ſide es juſt as much as he depreſſes the ſide 


w, that the flame may be {till in the plane of the 
circle; and twiſting the thread as before, that the 
Globe may turn round its Axis the ſame way as 
you carry it round the candle; that is, from weſt 
to eaſt, let the Globe down into the lowermoſt 
part of the wire circle at , and if the circle be 
properly inclined, the candle will ſhine perpendi- 
cularly 
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Fd on the Tropic of Cancer, and the frigid Sommer 
Zone, lying within the archic or north polar Circle, N 
will be all in the light, as in the Figure; and will 
keep in the light et the Globe turn round its Axis 
ever ſo often. From the Equator to the north 
polar Circle all the places have longer days and 
ſhorter nights; but from the Equator to the ſouth 
polar Circle juſt the reverſe. The Sun does not 
fet to any part of the north frigid Zone, as ſhewn 
by the candle's ſhining on it, ſo that the motion of 
the Globe can carry no place of that Zone into the 
dark: and at the ſame time the /outh frigid Zone is 
Involved in darkneſs, and the turning of the Globe 
brings none of its places into the light. If the 
'Earth were to continue in the like part of 1ts 
Orbit, the Sun would never ſet to the inhabitants 
of. the north frigid Zone, nor riſe to thoſe of the 
fourth, At the equator it would be always equal 


day and night; and as places are gradually more 
and more diſtant from the Equator, towards the 


arctic Circle, they would have longer days and 
ſhorter nights; whilſt thoſe on the fourth fide of 
the Equator would have their nights longer than 
their days. In this caſe there would be continual 
ſummer on the north ſide of the Equator, and con- 
ſouth fide of it. | 

But as the Globe turns round its Axis, move 
your hand ſlowly forward, ſo as to carry the Globe 
from H towards E, and the boundary of light and 
darknefs will approach towards the north Pole, 
and recede towards the ſouth Pole; the northern 
places will go through Jeſs and leſs of the light, 
and the ſouthern places through more and more 
of it; ſhewing how the nofthern days decreaſe in 
jength, and the ſouthern days increaſe, Whilſt the 
Globe proceeds from H to E. When the Globe auwomral 
is at E, it is at a mean ſtate between the loweſt £420 
and higheſt parts of i:s Orbit; the candle is di- 
rectly over the Equator, the boundary of light 


| and darkneſs Juſt reaches to both the Poles, ad 
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5 places on the Globe go equally through the. 
I'ghe and dark Hemiſpheres, ſhewing that the 
days and nights are then equal at all places of the 


Earth, the Poles only excepted ; for the Sun is 


then ſetting to the north Pole, and riſing to the 


ſouth Pole. 
Continue moving the Globe forward, and as it 


goes through the quarter 4, the north Pole recedes 
{till farther into the dark Hemiſphere, and the 


ſouth Pole advances more into the light, as the 


Globe comes nearer to s: and when it comes 
there at F, the candle is directly over the Tropic 


of Capricorn, the days are at the ſhorteſt, and 
nights at the longeſt, in the northern Hemiſphere, | 


all the way from the Equator to the arctic Circle 
and the reverſe in the ſouthern Hemiſphere from 
the Equator to the antarctic Circle; within which 
Circles it is dark to the north frigid Zone, Sad 
light to the ſouth. 

"Continue both motions, and as the Globe moves 
through the quarter B, the north Pole advances 
towards the light, and the ſouth Pole recedes to- 
wards the dark; the days lengthen in the northern 
Hemiſphere, and ſhorten in the ſouthern; and 
when the Globe comes to G, the candle will be 
again over the Equator (ag when the Globe was 
at E) and the days and nights will again be equal 
as formerly: and the north Pole will be Juſt 


coming into the light, the ſouth Pole going out of 


It, 

Thus we ſee the reaſon why the days lengthen 
and ſhorten from the Equator to the polar Circles 
every year; why there is ſometimes no day or night 


for many turnings of the Earth, within the polar 


Circles; why there is but one day and one night 
in the whole year at the Poles; and why the days 
and nights are equally long all the year round at 
the Equator, which is always equally cut by the 
Eel bounding light and darkneſs, » 

201. The 


, 


SO, Wy wo wes ot th ed en a ooo 


— 
Ln! 


Of the different Seaſons. 


201. The inclination of an Axis or Orbit is Rem. 


merely relative, becauſe we compare it with ſome 
| other Axis or Orbit which we confider as not in- 


clined at all. Thus; our Horizon being level to 


us, whatever place of the Earth we are upon, we 
conſider it as having no inclination; and yet, if 


. 
— / A 
* 
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we travel go degrees from that place, we ſhall then Fis. III. 


have an Horizon perpendicular to the former; bur: 
it will ſtill be level to us. And if this Book be 
held fol that tiſe Circle 'ABCD be parallel to the 
Horizon, both the Circle abe, and the Thread 


or Axis K, will be inclined to it. But if the Book 


or Plate be held ſo that the Thread be perpendicu- 


lar to the Horizon, then the Orbit A BCD'will be 
inclined to the' Thread, and the Orbit abcd per- 
pendicular to it, and parallel to the Horizon. We 


generally conſider the Earth's annual Orbit as hav- 


ing no inclination, and the Orbits of all the other 


Planets as inclined „„ ET TOUTE 


202. Let us now take a view of the Earth in 


its annual courſe round the Sun, conſidering its 


Orbit as having no inclination ; and its Axis as 
inclining 23z degrees from a line perpendicular to 
the plane of its Orbit, and keeping the ſame ob- 
lique direction in all parts of its annual courſe, or, 
as commonly termed, keeping always parallel to 
c 7-7 | 885 
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Let 4, Bc, d, e, fa g. h be the Earth in eight different PLATE v. 


parts of its Orbit, equidiſtant from one another; 
its Axis, N its north Pole, s its ſouth Pole, 
and & the Sun nearly in the center of the Earth's 
Orbit, § 18. As the earth goes round the Sun 


*All Circles appear elliptical in an oblique view, as is evident 


by looking obliquely at the rim of a baſon. For the true figure 


of a Circle can only be ſeen. when the eye is directly over its cen- 
; 1 * 5 EYE.» & : 8 ſy + 27 = UF 

ter... The more obliquely it is viewed, the more elliptical it ap- 

pears, until the eye be in the ſame plane with it, and then it ap- 

pears like a ſtraight ligke 19 51074 © 8 3 2 
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Of the different Seaſons, 
. according ta the order of the letters abc Sc. it its 
Axis Ns keeps the ſame obliquity, and is ſtill 


parallel to the line MNs. When the Earth is at | 


4 its north pole inclines towards the Sun 5, and 


brings all the northern places more into the light 
than at. any. other time of the year. But when th 

Earth is at e in the oppoſite time of the year, the 
north Pole declines from the Sun, which occaſions 


the northern places to be more in the dark than in 


the light; ; and the reverſe at the ys 4 FO places, 
I have taken 

from Dr. Loxc's Aſtronomy. When the Earth, 
is either at c or g, its Axis inclines not either to 
or from the Sun, but lies ſidewiſe to him; and 
then te F Plies are in the boundary of light and 
eſs; and the Sun, being directly over the 
Equator, makes equal day and night at all places, 
When the Earth is at 6, it is half-way between 


as is evident by. the Figure, whi 


darkn 


the Summer Solſtice and Harveſt Equinox; when 


Fig. II. 


it is at d, it is half-way from the Harveſt Equinox | 


to the Winter Solſtice; at 7, half-way. from the 
Winter Solſtice to the Spring Equinox; and at , 
half. -way from. the Spring Equinox. to.the Summer 
Solſtice. 

203. From this. oblique view of the Earth's 


Orbit, let us ſuppoſe ourſelves, to be raiſed far above 


it, and placed juſt over its center &, looking down 


upon it from its north Pole; and as the Earth's | 
Orbit differs but very little from a Circle, we ſhall | 
| have its figure in ſuch a view repreſented by the 
Circle ABC DE FOH. Let us ſuppoſe this Circle | 


to be divided into 12 equal parts, called Signs, 


| having their names affixed to them; and each 


The ſeaſons 
ſhewn in 
another 
view of the 
Earth and 
ite Orbit. 


Sign into 30 equal parts, called Degrees, numbered 
10, 20, 30, as in the outermoſt Circle of the 
Figure, which repreſents the great Ecliptie in the 
Heavens. The Earth is ſhewn in eight different 
poſitions in this Circle, and in each poſition A is 
the Equator, 7 the Tropic of Cancer, the 5 

Circle 


„ 
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| Circle the parallel of London, U the arctic or north 

= polar Circle, and P the north Pole, where all the } 
f Meridians or Hour-Circles meet, $ 198. As the | 
; Earth goes round the Sun, the north Pole keeps | 
4 conſtantly towards one part of the Heavens, as it | 
R keeps in the figure towards the right-hand ſide of il 
8 tering fo ETSY 2H 7 1 i 
h When the Earth is at the beginning of Libra, f 
y namely on the 2oth of March, in this Figure (as . i 
- at g in Fig. II) the Sun & as ſeen from the Earth E i 
h appears at the beginning of Aries in the oppoſite Verzat i 
+I part of the Heavens“, the north Pole is juſt lunes i 
d coming into the light, and the Sun is vertical to f 
4 the Equator; which, together with the Tropic of 0 
5 Cancer, parallel of London, and arctie Circle, are f 
all equally cut by the Circle bounding light and j 
darkneſs, coinciding with the ſix o'clock hour 1 
n Circle, and therefore the days and nights are g 
5 equally long at all places: for every part of the 1 
5 Meridian T La comes into the light at fix in the j 
, morning, and revolving with the Earth 1 nn | 
5 to the order of the hour. letters, goes into the dark | 
: at ſix in the evening. There are 24 Meridians or | 


Pao 


„ Hour-Circles drawn on the Earth in this Figure, to 
ſhew the Time of Sun-riſing and ſetting at different 
Seaſons of the year. | 
As the Earth moves in the Ecliptic according to 
the order of the letters AB CD, &c. through 
the Signs Libra, Scorpio, and Sagittarius, the 
north Pole P comes more and more into the light ; 
the days increaſe as the nights decreaſe in length, 

Fi at all places north of the Equator ; which is 
q plain by viewing the Earth at h on the 5th of May, 
when it is in the 15th degree of Scorpio , and 
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Here we muſt ſuppoſe the Sun to be no bigger than an or- 
It dinary point (as.) becavſe he only covers a Circle half a degree 
15 in diameter in tbe Heavens; whereas in the figure he hides a 
d whole ſign at once from. the Earth. „ 

le T. Here we muſt ſuppoſe the Earth to be a much ſmaller pont 4 
than that in the pteceding note marked for the Sun. e if 
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the Sun as ſeen. from the Earth appears in the 15th 


degree 0 Taurus. For. then, the T ropic of Cancer 
is in the light from a little after five in the morn- 


ing till almoſt. ſeven. 1 in the. evening; the parallel 


of London from half an hour paſt four till half an 


| hour paſt ſeven ; ; the polar Circle U from three till 


nine; and a lafge track round the north Pole P 
has day all the 24 hours, for many rotations; of the 
Earth on : % 24 nv viviota. 
When the. Earth comes to c, at the beginning 
of Capricorn, and the Sun as ſeen from the Earth 
1 at the beginning of Cancer, on the 21ſt 
June, as in this Figure, it is in the polition 4 

in Fig. I.; and its north Pole: inclines. towards the 
Sun, ſo as to bring all the north frigid Zone into 


the light, and the northern parallels of Latitude 


| more into, the light than the dark from the Equa- 


dummer 
Solſtice. 


Autumnal 
Equinox. 


tor to the polar Circle: and the more fo as they 
are farther, acc the Equator, 5 The Tropic of 
Cancer is in the light from five in the morning 
till ſeven at night, the parallel of London from a 
quarter before four till a quarter after eight; and 
the polar Circle juſt touches the dark, ſo that the 
Sun has only the lower half of his Diſc hid from 
the inhabitants on that Circle for a few minutes 
about midnight, ſuppoſing no wee in * 
11 de and n no  refractions. 


dark, wick cauſes. the days to decreaſe, che 
nights to increaſe in length, till the Earth. comes 
to the beginning o of Aries, and then they are equal 


as before; for the boundary of light and darkneſs 


cuts the Equator and all its parallels equally, or 


in halves. The north Pole then goes into the 
dark, and contindes therein until the. Earth goes 
half way round its Orbit; or, from, the vita of 
1 till the a0ih of March... In the middle 
8 | between 
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between the tir tir les, vg. n the 22d of December, 
the, north 152 85 5 5. fo, as it can be, in cle dark, 
which is 23 qual to the inclination! of Winter Sol-' 
fe Fart $6: TN 13 perp endicular to its“. 
Orbit: and. then, the rar parallels are as 
much in ye dark as they were in the light on the 
arſt of June; the. winter nights being” as long as 
the Cake r days, Ard. the Ander days IS mort a5 
che fümmer nights. It is needleſs to enlarge far- 
ther on this ſubject, as we ſhall have becafion to 
x: the ſeaſons again in deſcribing the Orrtry, 

43 „Only this muſt be noted, that all' that 
ar be een fand of the northern Hemiſphere,” the 
contrary muſt be underſtood of the ſouthern; for 
on different ſides of the Equator the ſeaſons are 
contrary, becauſe, when the northern Hemiſphere 
inclines towards the Sun, the ſouthern declines 
from him. 1 3 
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204. As N goes rid the Sun, lie ob- The Phe. 


nomena of 


Hquely Poſited ring, like our Earth's Axis, keeps eue 
parallel to itſelf, and is therefore turned edgewiſe Rios: 


XAtÞ Q c mo & Wo 


co the Sun twice in a Saturnian year, which is al- 
moſt as long as 30 of our years, & 81, But the 
ring, though conſiderably broad, is tod thin to be 
ſeen by us when it is turned edgewiſe to the 
Sun, at which time it is alſo. edgewiſe to the. 
Earth; and therefore it diſappears once in every 
fifreen years to us. As the Sun ſhines half a year 
together on the north” Pole of our Earth, then diſ- 
Fes ears to it, and ſhines as long on the ſouth 

9 during dne half of Saturn's Fear, the 
Sun ſhines on the north fide of bis king, then diſ- 
appears to it, and ſhines as long“ on its ſouth 
ſide. When the Earth's Axis inclined neither to 
nor from the Sun, but ſidewiſe to him, he in- 
ſtantly ceaſes to "ſhine on one Pole, and begins to 
enlighten the other ; ; and when Saturn's ring in- 
clines neither to nor from the Sun, but ſidewiſe 
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PLATE v. © icy he N to ſhine on the one fide pf 1 it, and 


pg ine upon the other. 
— $ be the Syn, ARC, EFGH Saturn" 8 Orbit, 


Al 1KLMNO the Earth's Orbit. Both 75 
and the Earth move according to the order of the 
letters, and when Saturn is Fa A his ring is turned, 
edgewiſe. to 11 K Sun 5, and he is then ſeen from 
J. Earth as i 15 had loft his 3-4 let the Earth 
be i in part o its Orbit whatever, except be- 
ny N. and O; ſor why it deſcribes that ſpace, 

SHED, is apparently ſo, near the. Sun as to be bg 

his beams. As Saturn goes from 4to C, 
ho g appears more and more open to the Was: 

at 6 the ring appears moſt open of all; and ſeems 


| © grow narrower and narrower as Saturn SOS 


2 had loſt hi 
e, his ring opens more and more. to our view on 


from C to; Fen e comes to E, the ring 
is 2 3 85 ewi be to th 3 ad 


Earth; and as neither of its ſides are illvmina 
it is inviſible to us, becauſe its edge is too 


or 


to be perceptible.: and Saturn appears again as if 


is ring. But as he goes from E to 


4 


the under fide ;, and ſeems juſt as open at G as if 


was at C; and may, be. ſeen 1 in the night-time from 
the Earth i in any part of its Orbit, except about. 


M, when the Sun hides the Planet from our View. 


F'e. I. and 
III. 


As Saturn goes from G to A, his ring turns more 
and more edgewiſt e to us, and therefore it ſeems 


to grow, narrower. and narrower; and at A it diſ- 


appears as efore. Hence, while Saturn oes from 
A to E, the Jun ſhines on. the 15 0 ſide ald h f his 
ring, and the under fide. is dark ;.. and whilſt he 
goes from E to A. the Sun 15 on the 1 
fg of his ri ing, and the upper ide. i is k. 

It may rhaps be amc that this Article 
might hay 155 placed more properly after & 81, 
than here: but hen the candid reader conſiders 
that all the various, Phenomena, of Saturn's Ring 


n T upon ac cauſe ſimilar to that of our Earth's 


ſeaſons, 


ö Of the difterent Seaſons. 


feaſons, he will readily allow that they are beſt ex- PLaTE 


plained together ; and that the two Figures ſerve 
to illuſtrate each other. | 


119 


VI. 


205. The Earth's Orbit being elliptical, and the The Earth 


nearer the 


Sun conſtantly keeping in its lower Focus, which sun in win- 


is 1,377,000 miles from the middle point of the. 


longer Axis, the Earth comes twice ſo much, or 
2,754,000 miles nearer the Sun at one time of the 
year than at another: for the Sun appearing under 
a larger Angle in our winter than ſummer, proves 


er than in 
ſummer. 


that the Earth is nearer the Sun in winter (ſee the Note 


on Article 185). But here this natural queſtion will 
ariſe, Why have we not the hotteſt weather when 
the Earth is neareſt the Sun? In anſwer it muſt be 


Why the 
weather is 


obſerved, that the excentricity of the Earth's Or coldeſtwhen 


1 


bit, or x million 377 miles, bears no greater pro- 


the Earth is 
- - neareſt the 


portion to the Earth's mean diſtance from the Sun Sun. 


than 17 does to 1000; and therefore this ſmall dif- 


tas © + 


ference of diſtance cannot occaſion any great dif- 
ference of heat or cold. But the principal cauſe of 
this difference is, that in winter the ſun's rays fall 
ſo obliquely upon us, that any given numberof them 


is ſpread over a much greater portion of the Earth's 


furface where we live, and therefore each point 
muſt then have fewer rays than in ſummer. More- 
over, there comes a greater degree of cold in the 
long winter nights, than there can return of heat 
in ſo ſhort days; and on both theſe accounts the 
cold muſt increaſe. But in ſummer the ſun's rays 
fall more perpendicularly upon us, and therefore 
come with greater force, and in greater numbers on 
the ſame place; and by their long continuance, a 


much greater degree of heat is imparted by day than 


can fly off by night, _ 


* 1 


206. That a greater number of rays fall on the 


ſame place, when they come perpendicularly, than 


when they come obliquely on it, will appear by 


the Figure. For, let AB be a certain number of Fig, 11. 


the Sun's rays falling on C D (which, let us ſup- 
poſe to be London) on the 21ſt of June: but, on 
N 14 f the 


* 


The Method of Jinding the Longitude, 


the 22d of December, the line CD, or London, hay 
the oblique poſition, Cd to the ſame rays; a 
therefore ſcarce a third part of them falls upon. it, 
or only thoſe between A and e; all the reſt e B be- 
ing expended on the {| FER, 4 P which is more than 
double the length e of C or Cd. Beſides, thoſe 
Parts which are once ne retain the heat for 
ſome time; which, with the additional heat daily 
imparted, makes it continue to increaſe, though 
the Sun declines towards the ſouth: and this is the 
reaſon why 7uly is hotter. than June, although, the 
Sun has withdrawn from the. Summer T ropic; as 
we find it is generally hotter at three in the after- 
noon, when the Sun Þ has gore towards the weſt, 
than at noqn when he is on the Meridian. Like: 
wiſe, thoſe places Which are well cooled require 
time to be heated again : for the Sun's rays do not 
he os even the ſurface of any body till they have been 
ſame time upon it. And therefore we find January 
for the moſt part colder than December, although 
the Sun Bas withdrawn from the winter Tropic, 
and begins to dart his beams more perpendicularly 
up don us, when we have the poſition CF. An iron 
bar is not heated immediately upon, being put into 
the fire, nor grows aka till ſome time after it has 
been 1 2 out,” 8 I 
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7 bs Met hod of finding the Longitude by the Elke 1 
Jupiters Satellites : The amazing aue 4 0 
e 2 theſe Eclipſes, IE 


Firſt Meri- 207. A Ebgrapherk arbitrarily 100g to all the 
2 E Meridian of ſome remarkable place the 
1 vc firſt Meridian. There they begin their reckoning; 
what, and juſt ſo many degrees and minutes as any other 
place is to the eaſtward or weſtward of that Meri- 
dian, ſo much eaſt or weſt Longitude they ſay it 
has. A degree i is the 360th part of a Circle, be it 


4 great 


„„ us. Ad 
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great or ſmall; and a minute the Goth part of a PLATE v. 
degree. The Engliſh Geographers reckon the 


Longitude from the Meridian of the Royal Obſer- 
vatory at Greenwich, and the French from the Me- 


ridian of Paris, © ans hel 
208. If we imagine 'thelve great Circles, one Fig 1. 
of which is the Meridian of any given place, to 


interſect each other in the two Poles. of the Earth, 
and to cut the Equator A at every 15th degree, 


they will be divided by the Poles into 24 Semicir- 
cles which divide the Equator into 24 equal parts; 


and as the Earth turns on its Axis, the planes of - 5 2 
theſe Semicircles come ſucceſſively after one ano- 5158 


ther every hour to the Sun. As in an hour of n Hour Cir- 
time there is a revolution of fifteen degrees of the * 
Equator, in a minute of time there will be a revo- 
lution of 15 minutes of the Equator, and in a 
ſecond of time a revolution of 15 ſeconds. There An hour of 
are two tables annexed to this Chapter, for re- time N 
ducing mean ſolar time into degrees and minutes gre: of 
of the terreſtrial Equator; and alſo for converting motion ; 
are and ra of the Equator | into mean, folar | 
time.” 85 

209. Becauſe the Sun enlightens only one half 
of the Earth at. once, as it turns round its Axis, 
he riſes to ſome places at the ſame moments of ab 


ſolute Time when he ſets to others; and when it is 


mid-day to ſome places, it is mid- night to others: 


The XII on the middle of the Earth's enlightened 


fide; next the Sun, ſtands for mid-day; and the 
oppoſite XII on the middle of the dark fide, for 
mid- night. If we ſuppoſe this Circle of hours to 
be fixed in the plane of the Equinoctial, and the 


Farth to turn round within it, any particular Me- 


ridian will come to the different hours fo, as to ſhew 
the true time of the day or night at all places on 
that Meridian. Therefore, 

210. To every place 15 degrees eaſtward from 


any given Meridian, it is noon an hour ſooner than 


ont that Meridian; becauſe theit Meridian 9 


122 The Method of finding the Longitude. = 


to the Sun an hour ſooner; and to all places 15 
deegrees weſtward, it is noon an hour later, 5 208, 
becauſe their Meridian comes an hour later to the 
Sun; and ſo on: every 15 degrees of motion cauſ- 
And conſe- ing an hour's difference of time. Therefore they 
wentiy to who have noon an hour later than we, have their 
e Long. Meridian, that is, their Longitude, 15 degrees 
tude, weſtward from us; and they who have noon an 
hour ſooner than we, have their Meridian 15 de- 
grees eaſtward from ours: and ſo for every hour's 
difference of time 15 degrees difference of Longi- 
Lunar eclip. tude. 9 8 if the beginning or ending 
&« uſeful in of a Lunar Eclipſe be obſerved, ſuppoſe. at London, 
re to be exactly at mid - night, and in ſome other place 
24a t 11 at night, that place is 15 degrees weſtward 
from the Meridian of London: if the ſame Eclipſe 
be obſerved at one in the morning at another place, 
that place is 15 degrees eaſtward from the. faid 
, "On I SST l 
| 211. But as it is not eaſy to determine the exact 
"moment either of the beginning or ending of a 
Lunar Eclipſe, becauſe the Earth's ſhadow through 
which the Moon paſtes is faint and ill defined 
Kclipfes of about the edges; we have recourſe to the Eclipſes 
Spier of Jupiter's Satellites, which diſappear ſo inſtan- 
te beer taneouſly as they enter into Jupiter's ſhadow, and 
the, emerge ſo ſuddenly out of it, that we may fix the 
Pi phenomenon to a ſecond of time. The firſt or near- 
eſt Satellite to Jupiter is the moſt advantageous for 
this purpoſe, becauſe. its motion is quicker than 
the motion of any of the reſt, and therefore its im- 
merſions and emerſions are more frequent. | 
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212. The Engliſh Aſtronomers have calculated 
Tables for ſhewing the times of the Eclipſes of 


5 Jupiter's Satellites to great preciſion, for the Me- 
ridlian of Greenwich. Now, let an obſerver, who L 
| has theſe Tables with a good Teleſcope and a well- 
regulated Clock at any other place of the Earth, % 


obſerve the beginning or ending of an Eclipſe of 
| 5 e i Wy cone WIE 


e Method of fading the Longitude, 


ment of time that he ſaw the Satellite either im- 
merge into, or emerge out of the ſhadow, a 


Tal 
of Longitude being allowed for every hour's dif- 
ference of time, will give the Longitude of that 


es for Greenwich ; then, 15 degrees difference 


allowed, as the time of obſervation is later or ear- 
lier than the time ſhewn by the Tables. Such 
Eclipſes are very convenient for this purpoſe. at 
land, becauſe they happen almoſt every day; but 
are of no uſe at ſea, becauſe the rolling of the ſhip 


hinders all nice teleſcopical obſervations. —- 


223 
one of Jupiter's Satellites, and note the, preciſe mo- nav v. 


How to 
ſolve this 
importante 


compare that time with the time ſhewn by the en. 
l | 


213. To explain this by a Figure, let F be ri. ir. 


— 


Jupiter, K, L, M, N his four Satellites. in their 
reſpective Orbits 1, 2, 3, 43 and let the Earth be 
at f (ſuppoſe in November, although that month 
is no otherways material than to find the Earth 


| readily in this ſcheme, where it is ſnewn in eight 
different parts of its Orbit), Let Abe a place lllutrate 


on the. Meridian of Greenwich, and R a place on 2 


ſome. other Meridian | eaſtward from Greenwich. 


Let. a perſon at R obſerve the inſtantaneous vaniſh- 
ing of the firſt Satellite K into Jupiter's ſhadow, 
ſuppoſe at three o clock in the morning; but by 


the Tables he finds the immerſion of that Satellite 


to be at mid- night at Greemvich: he can then im- 
mediately determine, that as there are three hours 


difference of time between Qand &, and that R 


4 4 


is three hours forwarder in reckoning than Q, it 

mult be 45 degrees of eaſt Longitude from the 

Meridian of 2, Were this method as practicable 

at ſea as at land, any ſailor might almoſt as eaſily, 

L equal certainty, find the Longitude as the 
atitude, 


. * 
— 


214. Whilit the Earth is going from C to F in vis. u. 


its Orbit, only the: immerſions of Jupiter's Satel- 


lites 


ny, 7 be Methol of N ide Labin. - 
We auen lites into his ſhadow: Are generally ſeen; EY Weir 


lang ang emerſtons out of it while the Earth goes from G 


ginniag and 


ead-of the to. R. Indeed, both theſe appearances may be 
Eclipſe of ſeen of the ſebond; third, and fourth Satellite when 
. eclipſed; Whilſt che Earth is between D and E, 
3 or between G and A; but never of the firſt Sa- 
5 tellite, on count of the ſmallneſs Of its Orbit 
and the bulk of Jupiter; except only when Ju- 
Piter is directly oppoſite to the Sun; that is, when 
che Earth iat g: and evenb then, ſtrictly ſpeak- 
ing, weieatinot'lee either the immerſions or emer- 
ſions of any of his Satellites, becauſe his body 
being direttly between us and his conical made 
his Satellites are hid by his body a few moments 
before they touch tis! ſhadow; and 1. quite 
ö emerged from thence before we can ſee thein, as 
it werez5juUropping from him. And when the 
Earth is at e, the Sun, being between it and pi 
ter, hides both him and his Moons from us: 
In this Diagram, the Orbits of Jopiter's Moons 
are drawn in true proportion to his- diameter; but 
in proportion to the Earth's. Orbit, they are drawn 
16.781 times too large. WI 23 eng 7: 
n 215. In whatever month of the ei Jopiter is 
— conjunction with the Suni: or in "oppoſition to 
Sun, or or, hin, in the next year it will Be a month later at 
Pim, ae leaſt, For whilſt thei Earth goes once round the 
every year Sun; Jupiter deſcribes a Twelfth part of His Orbit. 
paris of the And therefore, ' when the Earth has finiſhed its 
Fern annuab period from being in a line with the Sun 
| and Jupiter, it muſt ge as much forwarder as 
Jupiter has moved in that time, to overtake him 
again: juſt like the minute-hand of ca watch, 
which muſt, from any conjunction with the hour- 
hand, go once round the dial- plate -· and ſome what 
above a twelfth part moe to Aran ae the beur- 
hand again. 200.1 all Bunt 30250195 ep ei 
1600 It is Found: by 6bſervation, ut hen the 


Earch 3 is between the Sun and Jupiter, as at g, his 
223 :þ Satellites 


* 


S — "RO A 8 a 


r 


A 


RN 


be Motion'of Lig demontated? dez 


Satellites are eclipſed about 8 minutes ſocner than PLATE 
they fuld be according toi the Tables: and 
when the Earth is at iB vr C, theſe Eclipſes: hap» 
pen about $ minutes later than the Tables: predict 
them. Hence. it; is undenĩably certain, that the 
motion of Light is not inſtantaneous, ſince it 


takes about 164 minutes. of time to go through a 


ſpace equal to the Diameter of the Earths Orbitz 
which is 162 millions of miles in length: and con- 
ſequently the particles of Light: fly about 164 
thouſand. 494 miles every ſecond of time, which 


is above a million of times ſwifter than the motion 


of a cannon- bullet. And as light is 165. minutes The furprif- 
in travelling acroſs the Earth's. Orbit, it muſt be ww 5 egg 
$2 minutes in coming from the Sun to us; .there= © 
fore, if the Sun were annihilated, we ſhould ſee 

him for 84 minutes after; and if he were again 
created, he would be 84 minutes old before we 


could ſee him. Dt. 


217. To explain the progreflive motion of Fiz. v. 
Light, let A and B. be the Earth in two different 

parts of its Orbit, whoſe diſtance from each other 

is 81 millions of miles, equal. to the. Earth's diſ- 

tance from the Sun S. It is plain, that if the 1ugrated 
motion of Light were inſtantaneous, the Satellite . Figure. 
1 would appear to enter into Jopiter's ſhadow FH 

at the ſame, moment of time to a ſpectator in A as 

to another in B. But by many years obſervations 


it has been found, that the immerſion of 'the 


Satellite into the ſhadow is ſeen 8 minutes ſooner. 
when the Earth is at B, than when it is at A. 
And ſo, as Mr. Romer firſt diſcovered, the mo- 
tion of Light is thereby proved to be progreſlive, 
and not inſtantaneous, as was formerly believed, 
It is eaſy to compute in what time the Earth 
moves from A to B; for the Chord of 60 degrees 
of any Circle is equal to the Semi-diameter of 
that Circle; and as the Earth goes through all the 
360 degrees of its Orbit in a year, 1t goes through 
ho of thoſe degrees in about 61 days, Therefore, 
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The Motion of Light demmtiatcd. 


if on any given day, ſuppoſe the firſt of June, the 


Earth is at A, on the firſt of Auguſt it will be at 
B: the chord, or ſtraight line AB, being equal to 
DS the Radius of the Earth's Orbit, the ſame 
with 48 its diſtance from the Sun. ERR pt. 
218, As the Earth moves from D to C, through 
the ſide 4B of its Orbit, it is conſtantly meeting 
the light of Jupiter's Satellites ſooner, which oc- 
caſions an apparent acceleration of their Eclipſes : 
and as it moves through the other half H of its 
Orbit, from C to D, it is receding from their light, 
which occaſions an apparent retardation of their 


Eclipſes, becauſe their light is then longer before 


7 


it overtakes the Earth. 


219. That theſe accelerations of the immerſions 
of Jupiter's Satellites into his ſhadow, as the Earth 
approaches towards Jupiter, and the retardations 
of their immerſions out of his ſhadow, as the Earth 
is going from him, are not occaſioned by any ine- 
quality arifing from the motions of the Satellites 
in excentric Orbits, is plain, becauſe it affects 
them all alike, in whatever parts of their Orbits 
they are eclipſed. Beſides, they go often round 


their Orbits every year, and their motions are no 


way commenſurate to the Earth's. Therefore, a 
Phenomenon not to be accounted for from the 
real motions of the Satellites, but ſo eaſily dedu- 
cible from the Earth's motion, and fo anſwerable 


thereto, muſt be allowed to reſult from it. This 


affords one very good proof of the Earth's annual 
motion. ZZͤöͥͤͥͤͥ0—ẽ9... dT ns 
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To convert Motion into Time, and the reverſe. 127 
220. TARLES for converting mean ſolar Time into Degrees and 


Parts of the terreſtrial EQuaToR ; and alſo for converting De- 
grees and Parts of the EQUAToR into mean ſolar TIME. 


|TaBLE I. For converting Time into 
Degrees and Parts of the Equator, 


|TaBLs II. For converting Degrees 
and Parts of the Equator into Time. 
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ou 0 Solar and Sydereat Tin. 


bus Hau _ are the Tables mentioned in the 208th 
y Article, and are ſo eaſy that they ſcarce require 
= 135 Any farther explanation than to inform the reader, 
85 that if, in Table I. he reckons the columns marked 
with Aﬀeriſks' to be minutes of time, the other 
. N the equatoreal parts or motion in 
' . | degrees and minutes; if he reckons the Aſteriſk 
Columns to be ſeconds, the others give the motion 
in minutes and ſeconds of the Equator; if thirds, 
in ſeconds and thirds: And if in Table II. he 
reckons the Aſteriſle columns to be degrees of 
motion, the others give the time anſwering thereto 
| | in hours and minutes; if minutes of motion, the 
time is minutes and ſeconds; ; if ſeconds of motion, 
the correſponding time is given in ſeconds and 
| -, thirds, An example in each caſe will make the 
whole very plain. 3 
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amounts to one diurnal revolution in a year; and 


therefore, in 365 days as meaſured by the returns 
of the Sun to the Meridian, there are 366 days as 
meaſured by the Stars returning to it: the former 
are called Solar Days, and the latter Sydereal. 

The diameter of the Earth's Orbit is but a phy- 
fical point in proportion to the diſtance of the 
Stars; for which reaſon, and the Earth's uniform 


129 


PLATE 


motion on its Axis, any given Meridian will re- 


volve from any Star to the ſame Star again in 
every abſolute turn of the Earth on its Axis, with- 
out the leaſt perceptible difference of time ſhewn 
by a Clock which goes exactly true. 

If the Earth had only a diurnal motion, with- 
out an annual, any given Meridian would. revolve 
from the Sun to the Sun again in the ſame quan- 


tity of time as from any Star to the ſame Star 


again; becauſe the Sun would never change his 
place with reſpect to the Stars. But, as the Earth 
advances almoſt a degree eaſtward in its Orbit in 
the time that it turns eaſtward round its Axis, 


| whatever Star paſſes over the Meridian on any day 


with the Sun, will paſs over the ſame Meridian on 
the next day when the Sun is almoſt a degree ſhort 
of it; that is, 3 minutes 56 ſeconds ſooner. If 
the year contained only 360 days, as the Ecliptic 
does 360 degrees, the Sun's apparent place, fo far 
as his motion is equable, would change a degree 
every day; and then the ſydereal days would be 
Juſt 4 minutes ſhorter than the ſolar. 

Let ABCDEFGHIKLM be the Earth's Orbit, 
in which it goes round the Sun every year, accord- 
ing to the order of the letters, that is, from weſt to 
eaſt; and turns round its Axis the ſame way from 
the Sun to the Sun again in every 24 hours. Let & 
be the Sun, and R a fixed Star at ſuch an immenſe 
diſtance, that the diameter of the Earth's Orbit 


bears no ſenſible proportion to that diſtance. Let 


Nm be any particular Meridian of the Earth, and 


Fig. II. 


N a given point or place upon that Meridian. 


When 


— 
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he Earth is at A, the Sun $S hides the Star 
ich would be always hid if the Earth never 
pan tha. rom 4; and conſequently, as the Earth 
turns round its Axis, the point M would always 
come round to the Sun and Star at the ſame time, 


But when the Earth has advanced, ſuppoſe a tweltth 


art of its Orbit from A to B, its motion round 


1ts Axis will bring the point N a twelfth part of 
a natural day, or two hours, ſooner to the Star than 


to the Sun; for the Angle MBA is equal to the 


Angle 485; and therefore any Star, which comes 


to the Meridian at noon with the Sun when the 
Earth is at A, will come to the Meridian at 10 in 


the forenoon when the Earth is at B. When the 
Earth comes to C, the point M will have the Star 
on its Meridian at 8 in the morning, or four hours 
ſooner than it comes round to the Sun; for it muſt 


revolve from N to n, before it has the Sun 1n its 
Meridian. When the Earth comes to D, the poin 
N will have the Star on its Meridian at 6 in t 

morning, but that point muſt revolve ſix hours 
more from N to , before it has mid-day by the 
Sun: for now the Angle 48D is a right Angle, 
and ſo is N Du; that is, the Earth has advanced 
go degrees in its Orbit, and muſt turn go degrees 


on its Axis to carry the point N from the Star to 


the Sun: for the Star always comes to the Meri- 
dian when Nm is parallel to R$4; becauſe DS is 
but a point in reſpect of RS, When the Earth is 
at E, the Star comes to the Meridian at 4 in the 
morning; at #, at 2 in the morning; and at G, 
the Earth having gone half round its Orbit, N 
points to the Star K at midnight, it being then 
directly oppoſite to the Sun. and therefore, by 


the Earth's diurnal motion, the Star comes to the 


Meridian 12 hours before the Sun, When the 
Earth is at H, the Star comes to the Meridian at 


10 in the evening; at 7 it comes to the Meridian 
at 8, that is, 16 hours before the Sun; at K 18 


hours before him; at L 20 hours; at M 22; and 
at A — with the Sun again. | 
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PLATE 
III. 

An abſolute 
turn of the 
Earth on its 
Axis never 
fintſhes a 
ſolar day. 
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222. Thus it is plain, that an abſolute turn of 
the Earth on its Axis (which is always completed 
when any particular Meridian comes to be parallel 
to its ſituation at any time of the day before) never 
brings the ſame Meridian round from the Sun to 
the Sun again; but that the Earth requires as 
much more than one turn on its Axis to finiſh a 
natural day, as it has gone forward in that time; 
which, at a mean ſtate, is a 365th part of a Circle, 


Hence, in 365 days, the Earth turns 366 times 


round its Axis; and therefore, as a turn of the 


Earth on its Axis completes a ſydereal day, there 


muſt be one ſydereal day more in a year than the 


number of ſolar days, be the number what it will, 
on the Earth, or any other Planet. One turn being 


loſt with reſpect to the number of ſolar days in a 
year, by the Planet's going round the Sun; Juſt as 
it would be loſt to a traveller, who, in going round 


the Earth, would loſe one day by following the 


Fig. II. 


apparent diurnal motion of the Sun; and conſe- 
quently would reckon one day leſs at his return 
(let him take what time he would to go round the 
Earth) than thoſe who remained all the while at 
the place from which he ſet out. So, if there were 
two Earths revolving equally on their Axes, and 
if one remained at 4 "until the other had gone round 
the Sun from A to A again, that Earth which kept 


its place at A would have its ſolar and ſydereal 


days always of the ſame length; and ſo would have 
one ſolar day more than the other at its return. 


Hence, if the Earth turned but once round its 


Axis in a year, and if t turn was made the ſame 


way as the Earth goes round the Sun, there would 


be continual day on one ſide of the Earth, and 
continual night on the other. 

223. The firſt part of the preceding Table ſhews 
how much of the celeſtial Equator paſſes over the 
Meridian in any given part ef a mean ſolar day, 


and 1s to be underſtood the ſame way as the Table 
in the 220th article, The latter part, intitled, 
Accelt- 


r ms in Aim were ws en 4 a4 mo mo 


Of the Equation of Time. 133 

Accelerations of the fixed Stars, affords us an eaſy To know by 
method of knowing whether or no our clocks and ether 2 
watches go true: For if, through a ſmall hole in aClock goes 
window-ſhutter, or in a thin plate of metal fixed to“ r 20% 
a window, we obſerve at what time any Star diſap- 

ears behind a chimney, or corner of a houſe, at a 
little diſtance; and if the ſame Star diſappears the 
next night 3 minutes 56 ſeconds ſooner by the 
clock or watch; and on the ſecond: night, 7 mi- 
nutes 52 ſeconds ſooner; the third night 11 mi- 
nutes 48 ſeconds ſooner; and ſo on, every night, 
as in the Table, which ſhews this difference for 
30 natural days, it is an infallible ſign that the ma- 
chine goes true; otherwiſe it does not go true; and 
muſt be regulated accordingly : and as the diſap- 
pearing of a Star is inſtantaneous, we may depend 
on this information to half a ſecond, | 


A. x00: 
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at | 
re 224. f HE. Earth's motion on its Axis being 
d perfectly uniform, and equal at all times 


d of the year, the ſydereal days are always preciſely 
ot of an equal length; and fo would the ſolar or na- 
tural days be, if the Earth's Orbit were a perfect 

Circle, and its Axis perpendicular to its Orbit. 
But the Earth's diurnal motion on an inclined The Sun 
Axis, and its annual motion in an elliptic Orbit, «qual only 
cauſe the Sun's apparent motion in the Heavens to 92 four days 
be unequal: for ſometimes he revolves from the” “ 
Meridian to the Meridian again in ſomewhar leſs 

than 24 hours, ſhewn by a well-regulated clock; 

and at other times in ſomewhat more: ſo that the 
| time ſhewn by an equal going clock and a true 
Sun-dial is never the ſame but on the 15th of 
April, the 16th of June, the 31ſt of Auguſt, and the 
24th of December. The clock, if it goes equably, 
and true all the year round, will be before the Sun 
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Uſe of the 
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Table. 


How to draw 


A Meridian 
Line. 
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from the 24th of December till the 15th of April; 
from that time till the 16th of June the Sun will 
be before the clock; from the 16th of June till the 


31ſt of Auguſt the clock will be again before the 


Sun; and from thence to the 24th of December the 
Sun will be fatter than the clock. 

225. The Tables of the Equation of natural 
days, at the end of the following Chapter, ſhew the 
time that ought to be pointed out by a well- regu- 
Jated clock or watch, every day of the year, at the 
preciſe moment of folar noon that is, when the 
Sun's center 1s on the Meridian, or when a true 
Sun-dial ſhews it to be preciſely Twelve. Thus, 
on the 5th of Zanuary in Leap-year, when the Sun 
is on the Meridian, it ought to be 5 minutes 51 
ſeconds paſt twelve by the clock: and on the 15th 
of May, when the Sun 1s on the Meridian, the time 
by the clock ſhould be but 5 5 minutes 57 ſeconds 
paſt eleven: in the former caſe, the clock is 5 mi- 
nutes 51 ſeconds beforehand with the Sun ; and in 
the latter caſe, the Sun is 4 minutes 3 ſeconds 
faſter than the clock. The column at the right 
hand of each month ſhews the daily difference of 
this equation, as it increaſes or decreaſes. But 
without a Meridian Line, or a Tranſit Inſtrument 
fixed in the plane of the Meridian, we cannot ſer 
a Sandi true. 


226. T he eaſieſt and moſt expeditious way of 
drawing a Meridian Line is this: Make four or 
five conceatric Circles, about a quarter of an inch 
from one another, on a flat board about a foot in 
breadth; and let the outmoſt Circle be but little 


leſs chan the board will contain. Fix a pin per- 


pendicularly in the center, and of ſuch a length 
that its whole ſhadow may fall within the inner- 


moſt Circle for at leaſt four hours in the middle 


of the day, The pin ought to be about an eighth 


part of an inch thick, and to have a round blunc 
point. The board being let TE level in a place 


where 


«as 2&4 as kw vt R8Vra.d 
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where the Sun ſhines, ſuppoſe from eight in the 
morning till four in the afternoon, about which 
hours the end of the ſhadow ſhould fall without 
all the Circles; watch the times in the forenoon, 
when the extremity of the ſhortening ſhadow juſt 
touches the ſeveral Circles, and there make marks, 
Then, in the afternoon of the fame day, watch 
the lengthening ſhadow, and where its end touches 
the ſeveral Circles in going over them, make 
marks alſo, Laſtly, with a pair of compaſſes, find 
exactly the middle point between the two marks on 
any Circle, and draw a ſtraight line from the cen- 
ter to that point; which Line will be covered at 
noon by the ſhadow of a ſmall upright wire, which 
ſhould be put in the place of the pin. The reaſon 
for drawing ſeveral Circles is, that in cafe one part 
of the day ſhould prove clear, and the other part 
ſomewhat cloudy, if you miſs the time when the 
point of the ſhadow ſhould touch one Circle, you 
may perhaps catch it in touching another. The 
beſt time for drawing a Meridian Line in this 
manner is about the ſummer ſolſtice; becauſe the 
Sun changes his declination ſloweſt and his altitude 
faſteſt in the longeſt days. Tu 5 
| If the caſement of a window on which the Sun 
ſhines at noon be quite upright, you may draw a 
line along the edge of its ſhadow on the floor, 
| when the ſhadow of the pin is exactly on the 
Meridian Line of the board : and as the motion 
of the ſhadow of the caſement will be much more 
ſenſible on the floor, than that of the ſhadow of 
the pin on the board, you may know to a few 
ſeconds when it touches the Meridian Line on the 
floor; and fo regulate your clock for the day of 
obſervation: by that line and the Equation Tables 
above-mentioned, 5 225. I. 


227. As the equation of time, or difference Rauen of 
between the time ſhewn by a well-regulated Clock ar 


and a true Sun- dial, depends upon two cauſes, 
4 namely, 


rplained, 
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namely, the obliquity of the Ecliptic, and the 
unequal motion of the Earth in it, we ſhall firſt 
explain the effects of theſe cauſes ſeparately con- 
ſidered, and then the united effects reſulting from 

their combination. 15 . „ 
228. The Earth's motion on its Axis being 
perfectly equable, or always at the ſame rate, and 

the * plane of the Equator being perpendicular 

to its Axis, 1t 1s evident that in equal times 

equal portions of the Equator paſs over the Meri- 

dian; and ſo would equal portions of the Ecliptic, 

if it were parallel to or coincident with the Equa- 
The firſt tor. But, as the Ecliptic is oblique to the 
Faastion of Equator, the equable motion of the Earth carries 
Jim. unequal portions of the Ecliptic over the Meri- 
dian 1n equal times, the difference being propor- 
tionate to the obliquity; and as ſome parts of 

the Ecliptic are much more oblique than others, 
thoſe differences are unequal among themſelves. 
Therefore if two Suns ſhould ſtart either from 

the beginning of Aries or Libra, and continue to 
move through equal arcs in equal times, one in 

the Equator, and the other in the Ecliptic, the 
equatoreal Sun would always return to the Meri- 

dian in 24 hours time, as meaſured by a well- 
regulated clock; but the Sun in the Ecliptic 
would return to the Meridian ſometimes ſooner, 

and ſometimes later than the equatoreal Sun; and 

only at the ſame moments with him on four days 

of the year; namely, the 2oth of March, when 

the Sun enters Aries; the 21ſt of June, when he 
enters Cancer; the 23d of September, when he 
enters Libra; and the 21ſt of December, when he 
enters Capricorn, Bur, as there is only one Sun, 

and his apparent motion is always in the Ecliptic, 


* If the Earth were cut along the Equator, quite through the 
center, the flat ſurface of this ſection would be the plane of the 
Equator; 2s the paper contained within apy Circle may be juſtly 
tet med the plane of that Circle. 1 8 


let 
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Jet us henceforth call him the real Sun, and the PLATE 
other, which is ſuppoſed to move in the Equator, 

the fictitious; to which laſt, the motion of a well- 
regulated clock always anſwers, 

Let Zz be the Earth, ZFRz its Axis, Fig. III. 
abcde, &c. the Equator ABCDE, &c. the north- | 
ern half of the Ecliptic from 4 to on the ſide of 
the Globe next the eye; and MNOP, &c. the 
ſouthern half on the oppoſite ſide from E to . 
Let the points at A, B, C, D, E, F, &c. quite 
round from wy to again bound equal portions 
of the Ecliptic, gone through in equal times by 
the real Sun; and thoſe at a, 5, c, d, e, f, &c. 
equal portions of the Equator deſcribed in equal 
times by the fictitious Sun; and let Z vp 2 be the 
Meridian. EE in Ke 

As the real Sun moves obliquely in the Ecliptic, 
and the fictitious Sun directly in the Equator, with 
reſpect to the Meridian; a degree, or any num- 
ber of degrees, between and Fon the Ecliptic, 
muſt be nearer the Meridian Z w z, than a de- 
gree, or any correſponding number of degrees on 
the Equator from v to 7; and the more ſo, as 
they are the more oblique : and therefore the true 
Sun comes ſooner to the Meridian every day whilſt 
be is in the quadrant wv F, than the fictitious Sun 
| does in the quadrant ; for which reaſon, the 
| ſolar noon precedes noon by the Clock, until the 
; real Sun comes to F, and the fictitious to f; which 
two points, being equidiſtant from the Meridian, 

both Suns will. come to it preciſely at noon by the 

Clock. 7 5 

Whilſt the real Sun deſcribes the ſecond qua- 

drant of the Ecliptic FGHIKL from to , he 

comes later to the Meridian every day, than the 
fictitious Sun moving through the ſecond quadrant 
of the Equator from F to a; for the points, at 

G, H, I, K, and L being farther from the Meri- 

dian than their correſponding points at g, +, i, &, 
and , they mult be later of coming to it: _ 4 | 
| ot! 
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both Suns come at the ſame moment to the point 
, they come to the Meridian at the moment of 
noon by the Clock. 

In departing from Libra, through the third 
quadrant, the real Sun going through MIVO P 
towards y at R, and the fictitious Sun through 
mMnopq towards r, the former comes to the Meri- 
dian every day fooner than the latter, until the 
real Sun comes to 1, and the fiftitious to r, and 
then they both come to che Meridian at the lame 
time. 

Laſtly, as the real Sun moves equity through 
SU, from wv towards y; and the fictitious 
Sun through Stu ve, from r towards , the for- 
mer comes later every day to the Meridian than 
the latter, until they both arrive at the point vp, 
and then they make it noon at t the ſame time with 


| e Clock. 


The annexed Table ſhews how much the 

Sv is faſter or ſlower than the clock ought to 

be, ſo far as the difference depends upon the obli- 
quity of the Ecliptic; of which the Signs of the 
firſt and third quadrants are at the head of the 
A Table ef Table, and their Degrees at the left hand; and 
nike in theſe the Sun is faſter than the Clock: the 
depending Signs of the ſecond and fourth quadrants are at 
plocg in the the foot of the Table, and their degrees at the 
Ecliptic. right hand; in all which the Sun is flower than 
the Clock; ſo that entering the Table with the 
given Sign of the Sun's place at the head of the 

Table, and the degree of his place in that Sign 
at the left hand; or with the given Sign at the 

foot of the Table, and Degree at the right hand; 
in the angle of meeting is the number of minutes 
and ſeconds that the Sun is faſter or ſlower than 
the clock: or in other words, the quantity of time 
in which the real Sun, when in that part of the 
Ecliptic, comes ſooner or later to the meridian 


than the fictitious Sun in the Equator. Thus, 
x. when 
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when the Sun's place is 8 Taurus 12 degrees, 
he is 9 minutes 49 ſeconds faſter than the clock; 
and when his place is 2 Cancer 18 degrees, he is 


6 minutes 2 ſeconds fower.. 
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PLATE 230. This part of the Equation of time may 
Fig. Ut, perhaps be ſomewhat difficult to underſtand by a 
5 Figure, becauſe both halves of the Ecliptic ſeem 
= . to be on the ſame ſide of the Globe; but it may 
be made very eaſy to any perſon who has a real 
Globe before him, by putting ſmall patches on 

every tenth or fifteenth degree both of the Equa- 

tor and Ecliptic, beginning at Aries Y; and 

then, turning the ball ſlowly round weſtward, he 

wioill ſee all the patches from Aries to Cancer come 
1 to the brazen Meridian ſooner than the corre- 
ſponding patches on the Equator; all thoſe from 

Cancer to Libra will come later to the Meridian 

than their correſponding patches on the Equator; 

thoſe from Libra to Capricorn ſooner, and thoſe 
from Capricorn to Aries later: and the patches at 

the beginnings of Aries, Cancer, Libra, and Ca- 

pricorn, being either on, or even with thoſe on the 
Equator, ſhew that the two Suns either meet 

there, or are even with one another, and ſo come 

to the Meridian at the ſame moment. 

A machine 231. Let us ſuppoſe that there are two little 
teh balls moving equably round a celeſtial Globe by 
ihe Foal, * clock-work, one always keeping in the Ecliptic, 
Tin and gilt with gold, to repreſent the real Sun; and 
the other keeping in the Equator, and ſilvered, 

to repreſent the - fictitious Sun: and that whilſt 

_ theſe balls move once round the Globe accord- 
ing to the order of Signs, the Clock turns the 
Globe 366 times round its Axis weſtward. The 

Stars will make 366 diurnal revolutions from the 

braſen Meridian to it again; and the two balls re- 

| preſenting the real and fiftitious Suns always going 

farther eaſtward from any given Star, will come 

later than it to the Meridian every following day; 

and each ball will make 365 revolutions to the 
Meridian coming e fe, to it at the beginnings 

of Aries, Cancer, Libra, and Capricorn; but in 

every other point of the Ecliptic, the gilt ball 
will come either ſooner or later ta the Meridian 
than 
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than the filvered ball, like the patches aboye- PLATE 
mentioned. This would be a pretty enough way 

of ſhewing the reaſon why any given Star, which, 

on a certain day of the year, comes to the Meri- 

dian with the Sun, paſſes over it ſo much ſooner 
xevery following day, as on that day twelvemonth. 

ts come to the Meridian with the Sun again; and 

alſo to ſhew the reaſon why the real Sun comes to 

the Meridian fometimes ſooner, ſometimes later, 

than it 1s noon by the clock; and, on four days 

of the year, at the ſame time; whilſt the fictitious 

Sun always comes to the Meridian when it 1s 

| twelve at noon by the clock, This would be no 
difficult taſk for an artiſt to perform; for the gold 

| ball might be carried round the Ecliptic by a 


wire from its north Pole, and the filver ball round 
the Equator, by a wire from its ſouth Pole, by 
means of a few wheels to each ; which might be 
p eaſily added to my improvement of the celeſtial 
Globe, deſcribed in N* 483 of the Philoſophical 
Tranſactious; and of which I ſhall give a deſcrip- 
tion in the latter part of this Book, from the third 
Figure of the third plate. as 
232. It is plain that if the Ecliptic were more pi. 2 3 
obliquely poſited to the Equator, as the dotted 
Circle * &, the equal diviſions from wv to x 
would come ſtill ſooner to the meridian Z o v 
than thoſe marked 4, B, C, D, and E do: for two 
diviſions containing 30 degrees, from v to the 
ſecond dot, a little ſhort of the figure 1, come 
ſooner to the Meridian than one diviſion contain- 
ing only 15 degrees from 4 to A does, as the 
Ecliptic now ſtands; and thoſe of the ſecond 
8 quadrant from x to A would be ſo much later. 
The third quadrant would be as the firſt, and the 
fourth as the ſecond, And it is likewiſe plain, 
that where the Ecliptic is moſt oblique, namely 
about Aries and Libra, the difference would be 
greateſt; and leaſt about Cancer and Capricorn, 
where the obliquity is leaſt, . 


234. Having 
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Time. 


Fig. IV. 


PLATE 


The ad 
0 of the and a true Sun-dial ; 


quation of the Earth, as moving in the Ecliptic; we now 
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| NED Having explained one cauſe of the dif- 
ference of time ſhewn by a well-regulated Clock 
and conſidered the Sun, not 


proceed to explain the other cauſe of this differ- 


ence, namely, the inequality of the Sun's apparent 


motion, Y 205, which is ſloweſt in ſummer, when 
the Sun is fartheſt from the Earth, and ſwifteſt in 
winter when he is neareſt to it. But the Earth's 


motion on its Axis 1s equable all the year round, 


and is performed from weſt to eaſt ; which is the 
way that the Sun ee to change his em) in the 
N 

If the Sun's motion were ane in the 
Ecliptie, the whole difference between the equal 
time as ſhewn by the Clock, and the unequal time 
as ſhewn by the Sun, would ariſe from the obli- 
quity of the Ecliptic. But the Sun's motion 
ſometimes exceeds a degree in 24 hours, though 
generally it is leſs; and when his motion. is 
ſloweſt, any particular Meridian will revolve ſooner 
to him than when his motion is quickeſt ; for it 
will overtake him in leſs time when he adyances a 


leſs ſpace than when he moves through a larger. 


236. Now, if there were two Suns moving in 
$7 plane of the Ecliptic, ſo as to go round it in 
a year; the one deſcribing an equal arc every 


24 hours, and the other deſcribing ſometimes a 


leſs arc in 24 hours, and at other times a larger ; 
gaining at one time of the year what it loſt at the 
oppolite ; it is evident that either of theſe Suns 
would come ſooner or later to the Meridian than 
the other, as it happened to. be behind or before 
the other: and when they were both in comunc- 
tion, they would come to the meridian at the fame 
moment, 

237. As the real Sun moves unequably;i in gb 
Ecliptic, let us ſuppoſe a fictitious Sun to move 


- equably in a circle coincident with the plane of 


the Ecliptic. Let ABCD be the Ecliptic or Orbit 


. in 
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in which the real Sun moves, and the dotted 
Circle ad the imaginary Orbit of the fictitious 
Sun; each going round in a year according to the 
order of letters, or from weſt to eaſt. Let 1 441. 
be the Earth turning round its Axis the ſame way 
every 24 hours; and ſuppoſe both ſuns to ſtart 


from 4 and a, in a right line with the plane of the 
Meridian E H, at the ſame moment: the real Sun 


at A, being then at his greateſt diſtance from the 
Earth, at which time his motion is ſloweſt; and 
the fictitious Sun at a, whoſe motion is always 
equable, becauſe his diſtance from the Earth is 
ſuppoſed to be always the ſame. In the time that 
the Meridian revolves from # to H again, accord- 


ing to the order of the letters 7 7K L, the real Sun 


has moved from A to F; and the fictitious with a 
quicker motion from à to /, through a larger arc; 
therefore, the Meridian EH will revolve ſooner 
from N to h under the real Sun at F, than from 
H to k under the fictitious Sun at /; and conſe- 
quently it will then be noon by the Sun-dial ſooner 
than by the Clock. 

As the real Sun moves from 4 cowerds C, the 
ſwiftneſs of his motion increaſes all the way to C, 
where it is at the quickeſt. But notwithſtanding 


W this, the fictitious. Sun gains fo much upon the 


real, ſoon after his departing from A, that the 
increaſing velocity of the real Sun does not bring 
him up with the equally moving fictitious Sun 
till the former comes © C, and the latter to c, 
when each has gone lalf round its reſpective 


| Orbit; and then beirg in conjunction, the Meri- 


dian EH revolving to E K comes to both Suns at 
the ſame time, and therefore it is noon by them 
both at the ſame moment. | 

But the increaſed velocity of tne real Sun, now 
being at the quickeſt, carries him beſorè the ficti- 
tious one; and therefore, the ſame Meridian will 
come to the fictitious Sun ſooner than to the real: 


bows whilſt the fictitious Sun moves from c tog, 
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PLATE the real Sun moves through a greater arc from C 

„ roG: conſequently the point X has its noon by 
the Clock when it comes to &, but not its noon by 
the Sun till it comes to J. And although the ve- 
locity of the real Sun diminiſhes all the way from C 
to A, and the fictitious Sun by an equable motion 
is till coming nearer to the real Sun, yet they are 
not in conjunction till the one comes to A and the 
other to a; and then it is noon by them both at 
the ſame moment. 

Thus it appears, that the ſolar noon is always 
later than noon by the clock whilſt the Sun goes 
from C to A, ſooner whilſt he goes from 4 to C, 
and at theſe two points the Sun and Clock being 
equal, it is noon by them both at the ſame mo- 
ment. 


+ Apogee, 238. The point A is called the Sun's Apoxer, 


 Perigee, becauſe when he is there, he is at his greateſt 


and Apſides 
what. diſtance from the Earth; the point C his Perigee, 


becauſe when in it he is at his leaſt diſtance from 

Fig. IV. the Earth: and a right line, as AEC, drawn 

through the Earth's center, from, one of thele 

points to the other, is called be line of the Apſides. 

2239. The diſtance that the Sun has gone in 

any time from his Apogee (not the diſtance he has 

to go to it, though ever fo little) is called 55 

| Kean Ano- mean Anomaly, and is reckoned in Signs and De- 

17 88 8 grees, allowing 30 Degrees to a Sign. Thus, 

when the Sun has gone ſuppoſe 174 degrees from 

his Apogee at A, he is ſaid to be 5 Signs 24 De- 

grees from it, which is his mean Anomaly ; ; and 

when he is gone ſuppoſe 355 Degrees from his 

Apogee, heis ſaid to be 11 Signs 25 Degrees from 

it, although he be but 5 Degrees ſhort of A in 
coming round to it again. 


240. From what was ſaid above, it appears, 


that when the Sun's Anomaly is leſs than 6 Signs, 


that is, when he is any where between 4 and C, 


ia the half ABC of his Orbit, the ſolar noon pre- 
6 cedes 
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cedes the clock noon ; but when his Anomaly is 
more than 6 Signs, that is, when he is any where 
between C and A, in the half CDA of his Orbit, 
the clock noon precedes the ſolar. When his 
Anomaly is o Signs, o Degrees, that is, when he 
is in his Apogee at 4; or 6 Signs o Degrees, 
which is when he is in his Perigee at C; he comes 
to the Meridian at the moment that the fictitious 
Sun does, and then it is noon by them both at the 
ſame inſtant. „ | 

241. The following Table ſhews the Variation, 
or Equation of time depending on the Sun's Ano- 
maly, and ariſing from his unequal motion in the 
Ecliptic; as the former Table, $ 229, ſhews the 
Variation depending on the Sun's place, and re- 
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ſulting from the obliquity of the Ecliptic: this is 


to be underſtood the ſame way as the other, 


namely, that when the Signs are at the head of 


the Table, the Degrees are at the left hand; but 
when the Signs are at the foot of the Table, the 
reſpective Degrees are at the right hand; and in 
both caſes the Equation is in the Angle of meet- 
ing. When, both the above-mentioned Equations 
are either faſter or ſlower, their Sum is the abſo- 


lute Equation of Time; but when the one is 


taſter, and the other flower, it is their difference. 
Thus, ſuppoſe the Equation depending on the 


Sun's place, be 6 minutes 41 ſeconds too ſlow, 
and the Equation depending on the Sun's Ano- 


maly, be 4 minutes 20 ſeconds too ſlow, their ſum 
is eleven minutes one ſecond too flow. But if the 


one had been 6 minutes 41 ſeconds too faſt, and 


the other 4 minutes 20 ſeconds too ſlow, their 


difference would have been 2 minutes 21 ſeconds 


too faſt, becauſe the greater quantity is too faſt, 
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A Table of 
the Equa- 
tion of 
Time, de- 
pending on 
the Sun's 


the Equation of Time, would make the Sun and 
Clocks agree on four days of the year; which are, 
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242. The obliquity of the Ecliptic to the z 
Equator, which is the firſt mentioned cauſe of 


when the Sun enters Aries, Cancer, Libra, and 
Capricorn: but the other cauſe, now explained, 
would 


” : 0 


; Of the Equation of Time: 1 
would make the Sun and Clocks 1 1 5 J twice 


n. 


* the Ailliges at port is in the 5 gerne 

of Cancer, and the Perigee in the gth degree of 

Capricorn; and therefore the Sun and Clocks 

cannot be equal about the beginnings of theſe 

Signs, nor at any time of the year, except when 

the ſwiftneſs or ſlowneſs of Equation reſulting fromm | 

one cauſe juſt balances the ſlowneſs or ſwiftneſs OY N erent 

_ from the other. _ q 1 5 
The ſecond Table in the following Chapt ears 

eu the Sun's place in the Ecliptic at the non 

of evety day by the Clock, for the ſecond year > Co. 

after Leap-year z and alſo the Sun's Anomaly to + 

the neareſt degree, neglecting the odd minutes of 

that degree, Its uſe is only to aſſiſt in the me- 

thod of making a general Equation Table from 

the two fore-mentioned Tables of Equation de- 

pending on the Sun's Place and Anomaly, 8 229, 

241; concerning which method we ſhall give a 

few examples preſently. The next following 

Tables are made from thoſe two; and ſhew the 

abſolute Equation of Time reſulting from the 

combination of both its cauſes; in which the 

minutes as well as degrees, both of the Sun's 

Place and Anomaly, are conſidered. The uſe of 

theſe Tables is already explained, d 225: and they 

ſerve for every day. in Leap-year, and the firſt, 

ſecond, and third years after: For on moſt of the 

fame days of all theſe years the Equation differs, 

becauſe of the odd fix hours more than the 365 

days of which the year conſiſts. 
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ExameLe I. On the 15th of April, the Sun is Examples 
in the 25th degree of. 4 2 and his Anomaly Lerne 


ls 9 Signs 1 5 q the Equation n 
2 FOITA 


1 Ft: | of the W fr Tin mn. 


from the former is 7 minutes 23 ſeconds of time 
too faſt, & 229; and from the latter, 7 minutes 


3 ſeconds roo flow, § 241; the difference is 4 
ſeconds that the Sun is too flow at the noon of 


that day taking it in groſs for the degrees of the 
Sun's Place, and Anomaly, without making. pro- 


portionable allowance for the odd minutes, 
Hence, at noon, the ſwiftneſs of the one Equation 
balancing ſo nearly the ſlowneſs of the other, 

makes the Sun and Clocks equal on ſome Part of 
that day. 


a 0 


ExAMPLk II. On the 1th of June, — — Sun is 
auen. 2 FFI the 25th degree of n of and his Ano- 
; a x AO Syhaly i is 11 Signs 16 Degrees; the Equation ariſing 

— 7 from the former is 1 minute 48 ſeconds too faſt; 
WA and from the latter 1 minute 50 ſeconds too ſlow; 
Howe ms which balancing one another at noon to 2 ſeconds, 


DA the Sun and Clocks are again equal on that day. 


place is 7 degrees 52 minutes of mz Virgo (which 
we call the 8th degree, as it is ſo near) and his 
Anomaly is 2 Signs o Degrees; the Equation ari- 
fing from the former is 6 minutes 41 ſeconds 
too flow ; and from the latter 6 minutes 39 ſeconds 
too faſt; the difference being only 2 ſeconds too 

flow at noon, and decreaſing towards an equality, 
will make the Sun and Clocks nl in the after 
noon of that day, 


8 IV. On EN 23d of December, the 

Sun's place is 1 degree 41 minutes (call it 2 de- 

grees) of Capricorn, and his Anomaly is 5 Signs 

23 Degrees; the Equation for the former is 4} 

ſeconds too flow, and for the latter 58 ſeconds too 

faſt; the difference is 15 ſeconds too faſt at noon; 

which decreaſing will come to an equality, and 6 

make the Sun and Clocks equal in the evening of 

=. that day. 

And 


Exam III. On the 31ſt of Auguſt, the Sun' 
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And thus we find, that on ſome part of each of 
the above- mentioned four days, the Sun and Clocks 
are equal; but if we work examples for all other 
days of the year, we ſhall find them different. And, 

244. On thoſe days which are equidiſtant from Remark, 
any Equinox or Solftice, we do not find that the 
Equation is as much too faſt or too ſlow, on the 
one fide, as it 1s too flow or too faſt on the other. 
The reaſon is, that the line of the Apſides, § 238, 
does not, at preſent, fall either into the Equinoctial 
or Solſtitial points, F 242. 


245. The four following Equation Tables, for The aten 
Leap-year, and the firſt, ſecond, and third years after, tion Tables 
would ſerve for ever, if the Sun's Place and Ano-**uttem- 
maly were always the ſame on every given day of EY 
the year as on the ſame day four years before or 
after. But ſince that is not the caſe, no general 
Equation Tables can be ſo conſtructed as to be 


perpetual, 4” 8 
as” # > 
O the Preceſſion of the Equinoxes. 


246. JT has been already obſerved, & 116, that 


by the Earth's motion on its Axis, there 
is more matter accumulated all around the equa- 
torial parts than any where elſe on the Earth. 

The Sun and Moon, by attracting this redun- 
dancy of matter, bring the Equator ſooner under 
them in every return towards it, than if there was- 
no ſuch accumulation. Therefore, if the Sun ſets 
out, as from any Star, or other fixed point in the 
Heavens, the moment when he is departing from 
the Equinoctial or from either Tropic, he will come 
to the ſame Equinox or Tropic again 20 min. 174 
ſec. of time, or 30 ſeconds of a degree, before he 
completes his courſe, ſo as to arrive at the ſame | 
fixed Star or Point from whence he ſet out, For, 
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gree weſtward every year, ee, to the Sun's 
annual progreſſive rnotion. 
When the Sun arrives at the ſame * EquinoAtia) 


or Solftirial point, he finiſhes what we call the 
Tropical Tear; which, by obſervation, is found to 


contain 365 days 5 bodrs 48 minutes 57 ſeconds: 
and when, he arrives at the ſame fixed Star again, 
as ſeen from the Earth, he compleats the Sydereal 
Year, which contains 36 5 days 6 hours 9 minutes 
14+ ſeconds. The Sydereal Tear is therefore 20 
minutes 17 ſeconds longer than the Solar or Tro- 


pical Year, and 9 minutes 14 ſeconds longer than 


the Julian or Civil year, which we ſtate at 365 days 
6 hours: ſo that the Civil year is almoſt a mean 
berwixt the Sydereal and Tropical, 

247. As the Sun deſcribes the whole Ecliptic, 
or 360 degrees, in a Tropical year, he moves 
59 8” of a degree every day at a mean rate : and 
conſequently 50“ of a degree in 20 minutes 175 
ſeconds of time: therefore he will arrive At the 
ſame Equinox or Solftice when he is 50” of a 
degree ſhort of the ſame Star or fixed point in 
the Heavens from which he ſet out in the year before. 
So that with reſpect to the fixed Stars, the Sun and 
Equinoctial points fall back (as it were) 30 degrees 
in 2160 years, which will make the Stars appear 
to have gone 30 deg. forward, with reſpect to the 
Signs of the Ecliptic in that time: for the ſame 


Signs always keep in the ſame points of the Eclip- 


tic, without regard to the Conſtellations. 

Io explain this by a Figure, let the Sun be in 
Conjunction with a fixed Star at S, ſuppoſe in the 
3oth degree of , on the 21ſt day of May 1756. 


Thea making 21 bo revolutions through the Eclip- 


„The two oppoſite? points in which the Ecliptic croſſes the 


| EquinoQtia], arc called the Equino@ial Paints : and the two 


points where the Eclipzic touches the Tropics (Which are like- 


wiſe oppolite, ant 90 degrees from the formive) are CY? 
Solflitial points, 
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Of the Preceſſion of the FTI 


tic PIX, at the end of ſo many Sydereal years, 
he will be found again at $: but at the end of ſo 
many Julian years, he will be found at M, ſhort of 
Se and at the end of ſo many Tropical years, he 
will be found ſhort of M, in the goth deg. of Tau- 
rus at , which has receded back fromStoT in 
that time, by the preceſſion of the Eq uinoctial 
Pon Aries and & Libra. The Arc ST will 

equal to the amount of the Preceſſion of the 
Equinox in 2160 years at the rate of 50“ of a de- 
gree, or 20 min. 174 ſec. of time annvually: this, 
in ſo many years, makes 30 days 101 hours: which 
is the difference between 2160 Sydereal and Tro- 
pical years: And the Arc MT will be equal to 
the ſpace moved through by the Sun in 2160 times 
11 min. 3 ſec. or 16 days 13 hours 48 minutes, 
which is the difference between 2160 Julian and 
Tropical years. 

248. From the ſhifting of the Equinoctial points, 
and with them, all the Signs of the Ecliptic, it fol- 
lovs that thoſe Stars which in the infancy of Aſtro- 
nomy were in Aries are now got into Taurus; thoſe. 
of Taurus into Gemini, &c, Hence eri it is, 
that the Stars which roſe or ſet at any particular 
ſeaſon of the year, in the times of Hes1op, Eu- 
boxus, VIX OIL, PLINY, &c. by no means anſwer 
at this time to their deſcriptions. The preceding 
Table ſhews the quantity of this ſhifting both in 

the Heavens and on the Earth, for any number of 

years to 25,920; which compleats the grand celeſ- 
rial period : within which any number and its quan- 
| tity is eaſily found; as in the following example, 
for 5763 years; which at the Autumnal Equinox, 
A. D. 1756, is thought to be the age of the world. 
So that with regard to the fixed Stars, the Equi- 
noctial points in the Heavens, have receded 


22 20? 2“ 30“ ſince the creation: which is as much 


as the Sun moves in 81“ 5* O 52% And ſince 
that time, or in 5703 years, the Equinoxes with 
. | ; s 


us have fallen back 44 6*. 21% 9; hence, reckon· 
ing from the time of the Julian Equinox, A. D. 
1756, viz, Sept. Iith, it appears that the Autum- 
nal Equinox at the creation was on che 25th of 
Oftober. 
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249. The anticipation of the Papen and The antici- 
conſequently of the Seaſons, 1s by no means owing 8 
to the preceſſion of the Equinoctial and Solſtitial and Seafoner 
points in the Heavens (which can only affect the | 
apparent motions, places and declinations of the 

fixed Stars), but to the difference between the Civil 

and Solar year, which is 11 minutes 3 ſeconds ; 

the Civil year containing 365 days 6 hours, and 

the Solar year 365 days 5 hours 48 minutes 57 
ſeconds. The next following Table, page 157, 

ſhews the length, and conſequently the difference 

of any number of Sydereal, Civil and Solar years 

from 1 to 10,000. 

250. The above 11 minbtes 3 ſeconds, by which The reafon 
the Civil or Julian year exceeds the Solar, amounts — 
to 11 days in 1433 years: and ſo much our ſea- 
ſons have fallen back with reſpect to the days of 
the months, ſince the time of the NVicene Council 
in A. D. 325, and therefore, in order to bring back 
all the Faſts and Feſtivals to the days then ſettled, 

it 
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Of the Preceſſon of the  Equinaxes.” 


PLATE it was requiſite to ſuppreſs 11 nominal days. And 


VI. 


that the ſame ſeaſons might be kept to the ſame 
times of the year for the future, to leave out the 
Biſſextile day in February at the end of every cen- 
tury of years not diviſible by 4; reckoning them 
only common years, as the 17th, 18th, and 19th 
centuries, viz. the years 1700, 1800, 1900, &c, 


' becauſe a day intercalated every fourth year was 
too much, and retaining the Biſſextile-day at the 


end of thoſe Centuries of years which are diviſible 
by 4, as the 16th, 20th, and 24th Centuries; viz. 
the years 1600, 2000, 2400, &c, Otherwiſe, in 
length of time, the ſeaſons would be quite reverſed 
with regard to the months of the year ; though it 
would have required near 23,783 years to have 
brought about ſuch a total change. If the Earth 
had made exactly 365 diurnal rotations-on its Axis, 
whilſt it revolved from any Equinoctial or Solſtitial 

oint to the ſame again, the Civil and Solar years 


would always have kept pace together; and the 


Style would never have needed any ; alteration, 


The Preceſ- 5 1. Having already mentioned the cauſe of the 


fon of the 


. Equinodial, Preceſſion of the Equinoctial points in the Heavens, 


points. 


Fig. VI. | 


§ 246, which occaſions a ſlow deviation of the 


Earth's axis from its paralleliſm, and thereby a 


change of the declination of the Stars from the 
Equator, together with a ſlow apparent motion of 
the Stars forward with reſpect to the Signs of the 
Ecliptic, we ſhall now explain the Phenomena by 
a Diagram. | 

Let NZ SVL be the Earth, SONA its Axis pro- 
duced to the ſtarry Heavens, and terminating in 4, 
the preſent north Pole of the Heavens, which is 


vertical to N the north Pole of the Earth. Let 


EO be the Equator, 7 2 Z the Tropic of Cancer, 
and V r the Tropic of Capricorn: YO Z the 


Eclipric, and BO its Axis, both which are . 
| able 


Of the Preceſion of 'the Egan 


able among the Stars. But, as * the Equinoctial 
points recede in the Ecliptic, the Earth's Axis 
SON is in motion upon the Earth's center O, in 


ſuch a manner, as to deſcribe the double Cone 


NOn and SOs, round the Axis of the Ecliptic BO, 
in the time that the Equinoctial points move 


quite round the Ecliptic, which is 25,920 years; 
and in that length of time, the north Pole of. the 
Earth's Axis produced, deſcribes the Circle 


AB CDA in the ſtarry Heavens, round the Pole 
of the Ecliptic, which keeps immoveable in the 
center of that Circle. The Earth's Axis being 231 
degrees inclined to the Axis of the Ecliptic, the 
Circle ABCD A deſcribed by the north Pole of 


the Earth's Axis produced to 4, is 47 degrees in 
diameter, or double the inclination of the Earth's 
Axis. In conſequence of this, the point 4, which 


at preſent is the north Pole of the Heavens, and 


near to a ſtar of the ſecond magnitude in the tail 


of the conſtellation called tbe Little Bear, mult be 


deſerted by the Earth's Axis; which moving back 


wards a degree every 72 years, will be directed 


towards the Star or point B in 6480 years hence: 
and in double of that time, or 12,960 years, it 
will be directed towards the Star or Point C; 
which will then be the north Pole of the Heavens. 


although it is at preſent 8 degrees ſouth of the 


Zenith of London L. The preſent poſition of the 
Equator EO 2, will then be changed into eO. 
the Tropic of Cancer T&Z into Pt 5, and the 


Tropic of Capricorn Vt M into t ; as is evi- 
dent by the Figure. And the Sun, in the ſame 


part of the Heavens where he Is now over the 


* The Equinoctial Circle interſects the Ecliptic in two op- 
polite points, called Aries and Libra, from the Signs which al- 
ways keep in theſe points: They are called the EquinoQtial 
Points, becauſe when the Sun is in either of them, he is di- 


redly over the terreſtrial Equator ; and then the days and nights 


are equal. 


earthly 
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Of tbe Proceion if the Equinoxes. 


earthly Tropic of Capricorn, and makes the ſhorteſt 
days and longeſt nights in the Northern Hemi- 
ſphere, will then be over the earthly Tropic of 
Cancer, and make the days longeſt and. nights 
ſhorteſt, So that it will require 12,960 years yet 
more, or 25,920 from the then preſent time, to 
bring the north Pole N quite round, ſo as to be 
directed toward that point of the Heavens which is 
vertical to it at preſent. And then, and not till 
then, the ſame Stars which at preſent deſcribe the 
Equator, Tropics, and polar Circles, &c. by the 
Earth's diurnal motion, will Kaleenees them over 


| again. 


ee 


SE: 


07 Sita, Julian, and Solar Time. 137 
4 TABLE x Grain the Time contained in any number of Sydereal, Julian, 


and . Years, from 1 to 10000. 
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[A TABLE ſhewing what Time it ought to be by the 
Clock when the Sun's Center is on the Meridian, 
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,, x7 1 33 S 37 2 23| 
i937. "= 66 81 1 46 s. 39 2 „84 
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25 ee * 051 9 
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X TABLE ſhewing what Time it ought to be by the 
Clock when the Sun's Center is on the Meridian. 5 


PI ” 
4 | 
. 


due Biſſextile, or Leap-Vear. 
| 81 September. | October. November. December. 

| b IS 1 — — —— — 
H. M. 5. H. M. 8. H. M. s.] H. M. s. 
| 1] XI 59 33 [XI 49 26 XI 43 47 XI 49 43 
2 „ 43 130 #1] 
{| 3 58 55 | 48 49 43 48 50 31 
{ 4 58 35 48 31] 43. 49 50 55 
3*..5; 48 13] 43 55 $12.83] 
{ 6] XI 57 55 | XL 47 56|XI 43 55| XI 51 46 
T 38} . $2 35] 
18 x 47 131 46 1K}. 52 39 
% 44 Rf. 553-7} 
FF 4ORF 4K. -12..34} 
i Xl 56 13 | XI 46 36 XI 44 23 XI 54 2 
112 JJJ14Xuůͤyñů 30. 54 3 
['3] 55 3[ 46 % 44 49 54 50 
_—_— ef 4 K-41 55 28 
% ͤ 49 Eq $6. $73 
js NE 3" 48 | XI 45 $0 . 45 12 XI 56 27 
5 18 
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A TA BLE fapwing what Time it ought to be by the 
Clock when the Sun's Center is on the Meridian, | 
— Ihe firlt Year after Leap Year, | | ' 
f ; January. | . | February. , March. April. | b 
5 H. M. 8. H. M. 8. H. M. 8. H. M. 8. 
i] XII 4 21 XII 14 9 XII 12 36 XII 3 49 5 
2 4 49 14 16 12 23 3 #1 : 
$. % 4" 14 28 12 10 7.4 j 
4 5 44 14 27 11 36 2 63 | 
5 6 11 14 32 11 47 | 3 2 * ; 
6| XII 6 37 XII 14 35 | XII ii 28 XII 2 19 1 
7 7 43+. 4 -$* 11 13 378 þ 
| 8 7 28 14 40 10 37 1 44 - 
g *** 10 42 11 
10 s 4 14 41 10 26 111 
i XII 3 40 | XII 14 40 XII 10 9 XII O 54 
12 9 3 14 39 „„ © 8 
[13 9 75 14 37 9 30 o 22 
14 9 47 14 35 9 19] 2 
we wu 6 9 1]X 59 32 
. — laid: aia 120-2 1 — 5 
16] XII 10 28 | XII 14 27 | XII 8 44 [XI 59 37 
17 10 48 14 22 8 26 59 23 
18 11 14 7 . 59 9 
9 11 „ 7 50 58 56 
20 11 42 14 4 7 32 58 43 ; 
21] XII 11 59 XII 13 57 XII 7 13 [XI 58 30 
22 VVV 3 58 18 | 
23 13 30 þ 13 40 6 30 358 8 | 
24| 12 45 13 31 6 18 57 55 : 
- 25 12 58 131 * 1 9 57 44 [ 
| 26 XII 13 11 | XII 13 10 | XII 5 41 XI 57 34 ; 
| 27] 13 23 12 59 1-3 - BN 57 24 : 
1 28 13 34 „„ 57 15 ; 
29 I3 44 4 65], $57 397 J 
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A TABLE ſhewing what Time it ought to be by the 
Clock when the Sun's Center is on the Meridian, 
3 Te firſt Year after Leap Vear. 10 55 44 
2 | May. E e 1 July. | Avgutt. 
4 2 H. M. 8. HI. M. 8. H. M. 8. H. M. 8. 
J XI 56 50 Xl 57 24 XII 3 22 XII 5 50 
| 2 56 42 | 57 33 3 33 5 46 
13 56 36 57 43 3 44 5 42 
4 56 29 57 53 3 55 5 36 
5 56 24 58 3 4 5 8. 34 
16 XI 56 ig | XI 58 13 | XII 4 15 [XII 5 24 
7 56 14 58 24 | 4 25 5 17 
8 56 10 58 35 4 34 „ 
9 56 7 58 47 4 43 1 
10 VV 4 53 
11 XI 56 2 XI 59 10 XII 5 o| XII 4 4 
12 56 © $9 22 „ 4 33 
13 58 $9 39 35 8 14 4 23 
14 5 59 47 „ 4 12 
E 44 
16 XI 56 o XII o 13 XII 5 33 XII 3 49 
äT—— 1]. _ o 26. 5 39 "AS 
18 56 3 o 39 5 44 + 44 
19 56 5 © 52 5 48 | 3 11 
20 56 8 1 5 6. 52 2 57 | 
Lai XI 56 12 XII 1 18 Il 5 55 XIL 2 42 
22 56 16 1 31 8 38 2 28 
23 56 21 1 44 8 1] * 
24 56 26 "3. . 13 
; 
25 £6 43 . 2 98 6 8 NY 
126 XII 56 zs XII 2 22 XII 6 2 XII 1 24 | 
2 8 45] 2 34 „ Re 
128 66 32 2 47] 3 - 9 50 
29]. 56 59] 2 59 5 59 o 32| 
7.7 11 3 
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ſa TABLE ſhewing what Time it ought to be by the |- 


Clock when the Sun's Center is on the Meridian, 


The firſt Year after Leap Year, 
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H. M. S. HN. M. S. H, M. 8. 
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H. M. N 8. 


XI 59 37 XI 49 30 (XI 43 47 XI 49 36 
VVV 43 46 49 59 
58 59 48 53 43 46 50 23 
358 30 45 34 43 47 50 48 

58 19 48 17 43 50 51 13 
XI 57 59 XI 48 o| XI 43 53 [XI 51 39 
p : & 402 43 57 | 52 5 
5&7 | 47 29 44 1 52 32 

$9 $91: 47 40 44 7 52 59 

56 387 40.35 1.46 m 
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lA TABLE ſhewing what Time it ought to be by the 
Clock when the Sun's Center is on the Meridian. 
The ſecond Vear after Leap Vear. : 
om January. February. | March. April, |} 
H. M. 8 H. M. 8. H. M. 5. H. M. 8. 
. 4 13 XU 14 6 [XII 12 37 XII 3 52 
1 14 13 12 25 3 34 
3 „ 1 :- 3 61 
4 5 36 6 35-5. 0 3h 2 58 
98 „ -:: 1-46] 2 40 
* 6 30 XII 14 33 XII II 30 [XII 2 22 
nn: © 36} 4 1 1 3 78 
18 7 It 14 38 | 11 *Qz 148 
Gl 7 46 14 40 10 45 1324 
10 8 16 14 411 10 29 3 1 
11 XII 8 34 |XU 14 41 XII 10 13 XII „ 58 
14 8 58} 14 40 9 566 0 42 
13] 9 20 14 38 9 40 o 26 
14] 9 42 14 36 | 8 — It | 
gk - 1O('5þ +, 14 33] 9 61 Xl. 59 59 
16] XII 10 24 XII 14 29 XII 8 48 XI 59 41 
17] 10 44 14 24 8 30 59 27 
1784 4 34 14 19 i $9 .*S 
19] 11 21} 14 13 % + ::55 $9 
20 11 39] 14 6 7 36 58 42 
Z XII ii 55 [XII 13 % [XII 7 18 XI 58 35 
22 12 11 13 61 VV 
23 $3 37 13 42 6 41 53 8 
24] 12 41 13 32} 6 22 $7.37 
*5l - 2 $4 73" 22 6 3 $7 40 
— — — — — 1 — 
260 XII 13 7 XII 13 12 | XII 5 44 NI 57 35 
ll: 213. 19 | 13 ;t „„ 
128 13 30 12 49 S 0 57 15 
29] 13 1% 4 $84: $7 i*} 
$30 13 49 4 364: $39 384 
10 25 A — — e 
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A TABLE ſhewing what Time it re to be by the ; 
Clock when the Sun's Center is on the Meridian. 805 
* The Second Year after Leap Year. 1 
i May. June. July. Auguſt. | 
CCC e e e, ee, "he DE ns 
H. M. 8. H. M. $. H. M. 8. H. M. 9. 
— — — — [—— — 
XI 55 50 f XI 57 21 XII 3 19 XII 5 51 
2] 59 43 „„ 5 4B] 
3] 356 38 57 40 3 41 5 43 
4 50 30 $7 3 . 5 
5 56 24 . 1 
[XI 56 19 XI 58 11 XII 4 13 XU 5 27 
FB 4 31 .,5 
„ 38 33 4 5 13 
9 388 45 4 12 8 
Fob #56. 55 $ 4 51 4 56 
8 —äͤ— — 1 — 
i XI 56 2 XI 5g ᷣ 8 XU 4 5% XU 4 47 
J bi 69 - 1 4 3% 
& 56 © 59 33 5 4 28 
14 55 59 9 1 4 17 
%%%Ü˙” . 59 $ 38 4 3 
16 XI 56 XII o 11 XII 5 34 | XU 3 34 
17 $9 1 5 3 39 3 
18 $0: 4 0 36 5 44 3 28 
„„ o WW] ͤ $ $8 3 Þs. 
20 86 '$ 3-0 5 „ 
— | | — ——_————— —_ — 
211 -XF $64 24+ AH +2 ing} AM 0 - $64. &0. 23-28 
22| 36 I. 1 5 14 
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4 56 25 5 I 2ͤ 
25 56 30 2 . | f g 1 43 
— 1 — — 1 — — — — | 
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A TABLE ſhewing what Time it ought to be by the | 
Clock when the Sun's Center is on the Meridian, 
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Tube ſecond Year atter Leap Year, 


Arq | 
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_— 


| 5 © &w — wo „er 


Septem ber. October. 

| H. M. 5 H. M. 8. 
XI 59 42 | XI 49 35 
| 69 23 49 16 
59 4 48 58 

58 45 | 148 40 
58 25 |. 48 22 
XI 58 6 [XI 48 7 
57 40] 47 48 

57 26 47 32 
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56 45 47 © 
XI 56 24 Xl 46 45 
5 46 31 
($5. 43 46 17 
„ 
65.4 45 50 

XI 54 40 XI 45 37 
54 19 45 25 

$3 145 14 
„ 
B 44 53 
XI 52 55 XI 44 44 
52 34 35 
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Equation Tables. 171 
[A TABLE ſhewing what Time it ought to be by the 
Clock when the Sun's Center is on the Meridian. 
The third year.after Leap Year, 15 
| & | January, | February. f March. April. 
09. 12— — Üö— — — — — — 
5 | H. 3 M. 8. H. M. 8. Hs M. 8. | H. | M. 8. 
11 XIT 4 7 | XII 14 4 [XII 12 45 | XII 3 57 
2 4 3T 14 12 ” 17 $8 8 3 40 
3 | | 5 0M | 14 18 12 15 3 20 | 
14] 3 14 24 T3 3 3 
5 5 58 14 29 11 48 2 45 
[6] XII 6 24 XII 14 33 XII II 34 XII 2: 2 
7 0. ex! 144207 19 "S' 01 
8 7 67] 14 38 1 1 
9 7 41 14 49 10 49. ' 30; 
10 1 «14 4+ lo 33 1 18. 
i XII 8 2g XII 14 qi [Xl 10 17 XII x 2 
F 14 40 10 0 oO 45 
13 9 15 14 38 9 43 o 29 
is] .. <9 37 14 36 9 26 oO 14 
* i4 33] +. H 59 58 
— — a a - —_ — — —— ———— 
16] XII 10 18 | XII 14 29 f XII 8 51 XI 59 42 
171 10 38] 14 24 8 34 $9 29 
18 10 $7 14 19 8 16 59 15 
19 it 16 14 13 7.49 59 1 
20 11 38 14 6 7 39 58 47 
— — —— | - — o————_—_— — 
21] XII 11 50 [XII 13 59 XII 7 21[ XI 58 34 
„ 13 51 55 58 22 
23 11 13 13 6 44} 58 10 
24 12 36 13 314 6 25 57 58 
25 12 bf 13 24 * 57 47 
26] XII 13 3 | XII 13 14 XII 5 48 XI 57 37 
7 „ „ 29 | 2 ** 
28 13 37 12 52 5 11 . 
29 13 37 1 283 ©J 
3⁰ 13 47 | 4 33 56 0 
E 13 56] 2 . 
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A FABLE ſhewing what Time it ought to be 75 che 
| Clock when the Sun's Center i is on the Meridian. 
| e . Year atter 0p Year. : | 9 
'Sl May | June. July. Auguſt. 
E eee .... —— 
"of | H. M. 8. H. M. 8. | H. M. 8. H. M. S. | | 
Fi} xt 56 52 | XI 57 19 XII 3 17 XII 5 $f. 
war |, $0 -45| 57. 29. 4 88 5 56 
. 57 38 5 
T $ 41] 
C 
1 ETD er — . — eee ee | 
þ ©} XI 56 20 | XI 58 9g | XII 4 11 Nl 5 29 
7 56 16 58 19 41 5 22 
Ig $632; 58 30| 4 31 F a5] 
19 56 8 58 42 4 40 33 
„ 58 53 4 49 + 53} 
1 XI 56 XI 5g 5 XII 4 57 XII 4 49| 
50 1 59 17 3 4 49] 
_—_ 35 $9} :. 59 49] 5 12} 4 29 
14 5 59 41 5 19 4 19 
2 . 5 28 4 8 
XI 55 59 XU o 6 XI 5 31 XII 3 56 
565 Oo} o 19 5 37 3 43 
3 r 9 | 3 1 2 
VV 3 17 
56 6 . 5 50 3 4 
i XI 56 o Xu 1 n | XII 5 $3 | XI 2 50 
3 ) 3- .. 39 
3 36 17 1 5 59 2 30 
24 56 22 1 50 6 -$©.&i 27:16 
n e 
26 XI 56 34 XII 2 15 XII 6 2 XII 1 33 
74 56 40 32 6 2 1 | 
29 56 55 2 43 655 8 41 | 
a 3 4 
— 8 —2— — — R — oO — — , 
25 73 4 i 555 @_ 6 
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A TABLE ſhewing what Time it ought to de by the 


| Clock when the Sun's Center is on the Meridian. 
The third Year after Leap Year. 1 

| & September. October. November, | December, | 
Do — e 2— + 
H. M. 8. H. M. 8. H. M. 8. H. M. 8. 
1 XI 59 47 [XI 49 40 XI 43 48 XI 49 26 
(55 $9. 094 4 49 26 43 47 49 49 
3}. 59 * 49 3 43 47 „„ 
4 58 50 48 45 43 48 3 
„ 48 27 43 50 2 
6 XI IS 81 F XL 48 9 XI 43 2 XI 51 274 
2277 SHE © 47 8 43 50| 51 $53} 
ur : 03-0: 47 35 44 ©O. 52 19 
22 © 80 47 9] 44 50 52 46] 
100 56. 49 7 44 10 53. 43 
11} XI 56 29 XI 46 48 xl 44 17 | XL 53 47 
12 36 8 46 33 44 25 54 2 
13 55 47 46 19 44 33 54 37 
$5 26 46 5 44 4% 35 

. 45 52 44 53 55 35 
516 XI 54 44 | XI 45 39 XI 45 4|XL 56 5 
17 $4 23] 44 27 „ - $6 268 
„ 1,00 2 wh, 45 28 57 7 
„ 45 $ 45 42 32. 
20[⁰ 53 20 I . 
e a 2 any 1 „ 
21 XI 52 59 XI 44 45 & 4, 46 12 XI 53 34 
e $220 | er ee 
[23 $\ Wh. 4.99]... 49 48 $9 35 
24] 51 58 44 21 3 0 54 
n 46, 14 47 21 35 
[26] XI 51 17 | XI 44 85 XI 47 49 XII i 7 
77; 9.897 3 44 3 47 59 1 35 
28 50 38 43 59 48 20 2 4 
29 50 18 43 55 48 41 2 34} 
30 49 59 43 52 49 3 3 3} 
31 6 | 43 49 33 35 32 
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% OBSERVE by a good Meridian Line, of 
by a Tranſit Inſtrument properly fixed, the Moment 
When the Sun's center is on the Meridian; and ſet 
the Clock to the Time marked in the preceding 
Table for that Day of the Year. Then if the Clock 
goes true, it will point to the Time ſhewn in the 
Table every Day afcerward at the Inſtant when it 

is Noon by the Sun, which is when his Center is 
on the Meridian. —Thus, in the firſt Year after 

Leap Year, on the 20th of October, when it is Noon 
by the Sun, the true equal Time by the Clock is 
only 44 minutes go ſeconds paſt XI; and on the 
laſt Day of December (in that Year) it ſhould be 
3 minutes 45 ſeconds paſt XII by the Clock 1 855 
ae Sun' s center is on the Meridian. 


The following Table was made from the pre- 
ceding one, and is of the common form of a Table 
of the Equation of Time, ſhewing how much a 
Clock regulated to keep mean or equal time, is 
before or behind the Apparent or Solar time, 
every * of the Year, 


A TABLE 
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A 


TT 
OF THE 


EQUATION or TIME, 
s REWIx o 

How much a CLOCK fhould be rAsT ER or 

SLOWER than the S UN, at the Noon of every 


Day in the Year, both in Leap Years and 
Common Years. 


[ The ni in the Table VEG where the Equation N 
1 5 to Slow or T | 
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Equation Tables. 
6 3 3 
[A TABLE of the PWR of Time, ſhewing how much 
| a Clock ſhould be faſter or ſlower than the - every 
TOY of the Year at Noon, | 
BY; The Biſſextile, or r Leap Year.” | 5 55 
| S| Jan. Feb. | March. | April. May. Jane 
M. s. M. 8. M. S. M. s. M. s. M. 5 
Mags: — — 5 — 8 | — —„—: — 
:I ST EI WES 31:2 34] 
2 4627 | 14Q19 12219 3926 3902028924 
3] 4855 [14817128 6] 38 8 38226 2515 
4] 572314723 | 1152 275% 3732 | 27 5 
5] 5 5% 4 2811 38] 2 32 | 1 
6 6 17 | 14 32 11 24 | 2 15 5 42 i 43 
4 5843 14830 | 119 9] 1558 | 3847 1332 
|] 79 9 [14739 [roF54 [ „ | 3550 [1821 
9 7734147 40 | 107 38] 124] 3553 1710 
of 7 59] 14 41110 221 73 56 © 58 
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rg RJ Fo PE if 4] fv 
159 53 | 14 34 8 57 © 771 n 0 *3 
16] 10 14 14 1118 4⁰ 8 26 bi 0 0 16 
17] 10 34] 14 26 8 22 g + 7868029 
18] 1 5314 21] B 4 5854 3 56 5842 
[ig] 1114 16 7 45 | 15 $] 3 54 54 
20011 2914 9] 7 27] 1 21] 3 51 fix" 
2111 4614 2| 7 8 | 1 34 3 47 1 20 
„ © $61 TR FT 4s | We; 
23] 12 1813 46 6 31] 1858} 3 39 | 1746 
„% V 
25 12 4713 275 54 2 20 rr 
nr 5 35> 3b] 3 21| = 24 
%%% r £ 36 
0183 24 11= 55] 4 $8} 2 d0{ 3 712 49 
— , 2 57} 3 of 3 
30 13 45 4 21 3 9 | 2 51 © 13 
[31 T3 . 850 4 24 * | 
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a I LE of the ne of Pime, — wan much 
2 Clock ſhould be faſter or flower than the Sun. every 
Day of the Year, at Noon, 
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J 
1 The Biſſextile or Leap Year. | | 
| © 4 July. | Auguſt. | Sept. | October, Nov Dec. | 
C | J. | 3 1 Fc 
M. s. M. 8. M. 8. M. 8. M. 8. M. 8. 
1] 3 25 5 59% © 27 | 10 34 10: 13 % 17 
238365046 9A | 19953 | 16MQ13 | 9054 
3 3847 584118 5 [11511 | 16512 | 9829 
44 3F58| 5 736 1725 | 1129 | 1611] gf 5 
154 85 e 11 4716 88 39 
ies „ eee :5 ]- 8: 17 
71: 4528 | 516 | 2224 | i2=20 | 16m 1 | 7 47 
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LY fais, Tabs. 

JA x TABLE of the — of Time, ſhewing how my 
a Clock ſhould be faſter or flower chan the NG oY 
Day «th bon ta at Noon. 

> - | The art Year after Leap Year. _ tt 5 

8 Jaa. Feb. March. | April. May.] June. | 

d * SY 22 — — Ga n. as 1 1 
A a f 2 e ; 1 
* M. 8. M. 8. I M. S. M. 8. M. 8. M. 8. b 

14 21|14 212 36} 3 49] 3 10 2 36 

24 785 14016 2338313918] 2927 

3587 [482212 3813 38242817 
4| 544 4% 11.56 2.55 ghar af gf 

E. 1114 32 [11 422 37] 3 36] 1 37 
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1 8 4014 40 | 10 9| 0 54 | 3 58 o 50 
12 9 314 39 9 53% 39] 4 of.o 38 | 
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Of the Moon's Phaſes: 


The Moon's Surface mountainous : Her Phaſes deſcrib- 
ed: Her Path, and the Paths of Fupiter s Moons de- 
 lineated : The Proportions of the Diameters of their 


Orbits, and thoſe of Saturn's Moons, to each other 
and to the Diameter of the Sun. IR 


252. I looking at the moon with an ordinary 

teleſcope, we perceive that her ſurface is 
diverſified with long tracts of prodigious high 
mountains and deep cavities. Some of her moun- 
tains, by comparing their height with her diameter 
(which is 2180 miles) are found to be three times 


i135 


PLATE 
VII. 


higher than the higheſt hills on our Earth. This The Moon's 


ruggedneſs of the Moon's ſurface is of great uſe 
to us, by reflecting the Sun's light to all ſides: for 
if the Moon were ſmooth and poliſhed like a 
looking-glaſs, or covered with water, ſhe could 
never diſtribute the Sun's light all around; only in 
ſome poſitions ſhe would ſhew us his image, no 
bigger than a point, but with ſuch a luſtre as 
would be hurtful to our eyes. ee EO 
253. The Moon's ſurface being ſo uneven, many 
have wondered why her edge appears not jagged, 
as well as the curve bounding the light and dark 
places. But if we conſider, that what we call the 


ſurface 
mountain= 
ous. 


edge of the Moon's Diſc is not a ſingle line ſet Why no 


round with mountains, in which caſe it would ap- 
pear irregularly indented, but a large zone having 
many mountains lying behind one another from 
the obſerves eye, we ſhall find that the mountains 
in ſome rows will be oppoſite to the vales in others; 
and ſo fill up the inequalities as to make her ap- 
pear quite round: juſt as when one Jooks at an 
orange, although its roughneſs be very diſcernible 


hiils appear 


on her edge, 


on the ſide next the eye, eſpecially if the Sun ora 


Candle ſhines obliquely on that ſide, yet the line 
5 . 9 terminating 


% 0 the Moor's Phaſes. 


PLATE terminating the viſible part till appears ſmooth 
Vi and even. 
The Mon 254. As the Sun can only enlighten that half 
n.. of the Earth which is at any moment turned to- 
wards him, and being withdrawn from the oppo- 
fite half, leaves it in darkneſs; ſo he likewiſe doth 
to the Moon: only with this difference, that the 
Earth, being ſurrounded by an. Armoſphere, and 
4 the Moon having none, we have twilight after the 
Sun ſets; but the Lunar inhabitants have an im- 
mediate tranſition from the brighteſt Sun-ſhine to 
the blackeſt darkneſs, 5 177. For, let zr &5w be 
the earth, and A, B, C, D, E, F, G, H the Moon in 
eight different parts of her Orbit. As the Earth 
turns round its Axis, from weſt to eaſt, when any 
place comes to 7 the twilight begins there, and 
when it revolves from thence to r the Sun & riſes; 
when the place comes to 5 the Sun ſets, and when 
it comes to w the twilight ends. But as the Moon 
turns round her Axis, which is only once a month, 
the moment that any point of her ſurface comes 
to r (ſee the Moon at G) the Sun riſes there with- 
out any previous warning by twilight; and when 
the ſame point comes to s the Sun ſets, and that 
point goes into darkneſs as black as a midnight, 
The Moon's 256. The Moon being an opaque ſpherical | body 
Phaſe. for her hills take off no more from her roundnels 
than the inequalities on the ſurface of an orange 
takes off from its roundneſs) we can only ſee that 
part of the enlightened half of her which is towards W M 
the Earth, And therefore when the Moon is zt Pe 
A, in conjunction with the Sun S, her dark half MW M 
is towards the Earth, and ſhe diſappears, as at 4, lig 
there being no light on that half to render it vili- ¶ an 
ble. When ſhe. comes to her firſt Octant at B, or da 
has gone an eighth part or her Orbit from her an. 
Conjunction, a quarter of her enlightened fide is ſeen W Eg 
towards the Earth, and ſhe appears horned, as at WJ ot 
3. When ſhe has gone a quarter of her Orbit | 


„ from — the Earth and Sun to C, ſhe ſhe vs M 
| us 
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Of the Moon's Phaſes. | 


us one half of her enlightened ſide, as at c, and we 
ſay, ſhe is a quarter old. At D ſhe is in her ſecond 
Octant, and by ſhewing us more of her enlight- 
ened (ide ſhe appears gibbous, as at d. At E her 
whole enlightened-ſide is towards the Earth, and- 
therefore he appears round, as at e, when we ſay, 


17 


it is full Moon. In her third Octant at F, part 


of her dark ſide being towards the Earth, ſhe 
again appears gibbous, and is on the decreaſe, as 
af, At & we ſee juſt one half of her enlightened 
fide, and ſhe appears half decreaſed, or in her third 
Quarter, as at g. At H we only ſce a quarter of 


| her enlightened ſide, being in her fourth Octant, 


where the appears horned, as at 5. And at A. 
having completed her courſe from the Sun to the 


Sun again, ſhe diſappears ; and we ſay, it is New 


Moon, Thus, in going from A to E, the Moon 
ſeems continually to increaſe; and in going from 
E to A, to decreaſe in the ſame proportion; having 
like Phaſes at equal diſtances from A to E, but as 
ſeen from the Sun 8, ' ſhe is always Foll. 

256. The Moon appears not perfectly cor 
when ſhe is Full in the higheſt or Joweſt part of 
her Orbit, becauſe we have not a full view of her 
enlightened / 3 at that time. When Full in the 


The Moon's 
Diſc not ale 
ways quite 
round when 
full, 


higheſt part of her Orbitz a ſmall deficiency ap- 


= gon her lower edge; and the contrary when 
ull in the loweſt part. of her Orbit? 
2 257: It is plain by the Figure, "that when the 
oon changes to Wel; Earth, the Earth appears 
oll to the Moon; and vice benen For when the 
Moon is at 4, New to the Earth, the whole en- 
lightened ſide of the Earth is towards the Moon: 
and when the Moon is at E, Full to the Earth, its 
dark ſide is towards her. Hence a New Moon 
anſwers to a Ful Earth, and a Full Moon to 'a New 
. The Vurters are alſo reverſed to each 
other. 


258, Between the third Quarter Nr” Change, the 


b when 


The Phaſes 
of the Earth 
and Moon 
contrary, 


An Agree- 
able Pheno- 


Moon is \ frequently viſible in the forenoon, even menen. 
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when the Sun ſhines; and then ſhe affords vs an 


opportunity of ſeeing a very agreeable appearance, 
wherever we find a globular ſtone above the level 
of the eye, as ſuppoſe on the top of a gate. For, 
if the Sun ſhines on the ſtone, and we place our. 
ſelves ſo as the upper part of the ſtone may juſt 
ſeem to touch the point of the Moon's lowermoſt 
horn, we ſhall then ſee the enlightened part of the 
ſtone exactly of the ſame ſhape with the Moon; 
horned as ſhe is, and inclined the ſame way to 
the Horizon. The reaſon is plain; for the Sun 
enlightens the ſtone the ſame way as he does the 
Moon: and both being Globes, when we pur our- 


' ſelves into the above ſituation, the Moon and 
_ . ſtone have the ſame poſition to our eyes; and 


| The Nona- 


gefimal 
Degree, 
what, 


therefore we muſt ſee as much of the illuminated 
part of the one as of the other. . 
259. The poſition of the Moon's Cuſps, or a 
right line touching the points of her horns, 'is very 
differently inclined to the Horizon at different 
hours of the ſame days of her age. Sometimes 
ſhe ſtands, as it were, upright on her Tower horn, 
and, then ſuch a line is perpendicular to the Ho- 
rizon: when this happens, ſhe is in what the Aſtro- 
nomers call the Nonageſimal Degree; which is the 
higheſt point of the Ecliptic above the Horizon at 


that time, atid is go degrees from both ſides of the 


> 
ry * 


How the in- 


clination of 
the Ecliptic 
may be 
ſound by the 
pofition of 
the Moon's 
Horns. 


Horizon where it is then cut by the Ecliptic. But 


this never happens when the Moon is on the Meri- 


jan, except when ſhe is at the very begir ning of 
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260. The inclination'of that part of the Ecliptic 
to the Horizon in which the Moon is at any time 
when horned, may be known by rhe poſition of 
her horns; for a right line touching their points 


is perpendicular to the Ecliptie. And as the 
angle which the Moon's' Orbit” makes with the 
Ecliptic can never raiſe her above, nor depreſs her 
below the Ecliptic, more than two minutes of 4 


degree, as ſeen from the Sun; it can have no 


ſenſible 
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in ſenſible effect upon the poſition of her horns. PLATE 

e, Therefore, if a Quadrant be held up, ſo as one * 

el of its edges may ſeem to touch the Moon's horns, 

r, the graduated ſide being kept towards the eye, 

. and as far from the eye as it can be conveniently 7 

ſt held, the Arc between the Plumb-line and that 

ſt edge of the Quadrant which ſeems to touch the 

le Moon's horns will ſhew the inclination of that part 

; of the Ecliptic to the Horizon. And the arc be- 

0 tween the other edge of the Quadrant and Plumb- 

n line will ſhew the inclination of a line, touching 

e the Moon's horns, to the Horizon. | 

- 261. The Moon generally appears as large as Pig. I. 

d the Sun; for the Angle vA, under which the NE. 

d Moon is ſeen from the Earth, is the ſame with the pezrs x by 

d Angle LM, under which the Sun is ſeen from it.“ 9 
And therefore the Moon may hide the Sun's whole 

4 Diſc from us, as ſhe ſometimes does in ſolar 

y Eclipſes. The reaſon why ſhe does not eclipſe 

t the Sun at every Change, ſhall be explained after- 

$ wards. If the Moon were farther from the Earth, 


as at a, the would never hide the whole of the 
£ Sun from us; for then the would appear under 
. the Angle NE O, eclipſing only that parr of the 
Sun which lies between NN and O: were ſhe ſtill 
further from the Earth, as at A, ſhe would appear 
under the ſmall angle T&F, like a {pot on the Sun, 
hiding only the part 7 from our ſight. F : 
262. That the Moon turns round her Axis in abt of 
the time that ſhe goes round her Orbit, is Juite ny th 2 | 
demonſtrable; for a ſpectator at reſt, withou 11 2 
the periphery of the Moon's Orbit, "would ſee W 
her ſides turned regularly towards him in, Ht 

time. She turns round her Axis from any Star to 
the ſame Star again in 27 days $ hours; from the 
Sun to the Sun again in 292 days: the former i 18 
the length of her ſydereal day, and the latter the 
length of her ſolar day. A body moving round 

the Sun wauld have a ſolar day in every revolution, 


ithout durning on its ri the fame. as if ir 
had 


f 
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Her periodi- 


cal and ſyno- 
dical Revo- 
lution. 


Familiarly 
pepreſented. 


> 


An eaſy Way of repreſenting 


had kept all the while at reſt, and the Sun moved 
round it: but without turning round its Axis it 
could never have one ſydereal day, becauſe it would 
* keep the ſame ſide towards any given Star, 
If the Earth had no annual motion, the 
Moo: would go round it ſo as to complete a Lu- 
nation, a ſydereal, and a ſolar day, all in the ſame 
time. But, becauſe the Earth goes forward in its 
Orbit while the Moon goes round the Earth in 
her Orbit, the Moon muſt go as much more than 
round her Orbit from Change to Change in com- 
pleting a ſolar day, as the Earth has gone for- 
ward in its Orbit during that time, i. e. almoſt a 
twelfth part of a Circle. 

264. The Moon's periodical and Groatlicel revo- 
lution may be familiarly repreſented by the mo- 
tions of the hour and minute hands of a watch 
round its dial plate, which is divided into 12 equal 
parts or hours, as the Ecliptic is divided i 3 12 
Signs, and the year into 12 months. Let us ſup- 
pole theſe 12 hours to be 12 Signs, the hour- hand 
the Sun, and the mir ute-hand the Moon; then 


the former will go round once in a year, and the 


A Table 
ſhewing the 
times that 
the hour 
and minute 
Bands of a 


watch arein 


conj undi ion. 


latter once in a month: but the Moon, or minute- 
hand, muſt go more than round from any point 
of the Fan in wa laſt e with 
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The Motion of the Sun and Mov, 19 


d the Sun, or hour- hand, to overtake it again: for, 

it WW the hour-hand being in motion, can never be over- 

d taken by the minute-hand at that point from which 

ey ftarted at their laſt conjunction. The firſt 

e column of the preceding Table ſhews the number 

- Wof conjunctions which the hour and minute-hand 

je make whilſt the hour-hand goes once round the 

ts N dial-plate; and the other columns ſhew the times 

in when the two hands meet at each conjunction. 

n Thus, ſuppoſe the two hands to be in conjunction 

1- Wat XII, as they always are; then, at the firſt fol- 

r. lowing conjunction it is 5 minutes 27 ſeconds 16 

a chirds 21 fourths 40 fr fifths paſt I, where they 

meet; at the ſecond conjunction it is 10 minutes 

4 ſeconds 32 thirds 43 fourths 38-7; fifths paſt II; 

>= Wind ſo on. This, though an eaſy illuſtration of 

h the motions of the Sun and Moon, is not preciſe -. 

al Was to the times of their conjunctions; becauſe, 

2 vile the Sun goes round the Ecliptic, the Moon 

)- makes 124 conjunctions with him; but the minute- 

d hand of a watch or clock makes only 11 conjunc- 

n tions with the hour-hand in one period round the 

e ial-plate. But if, inſtead of the common wheel- 

e- N Vork at the back of the dial- plate, the Axis of the 

nt minute-hand had a pinion of 6 leaves turning a 

th heel of 74, and this laſt turning the hour-hand, 
in every revolution it makes round che dial- plate, 
the minute-hand would make 124 conjunctions 
with it; and ſo would be a pretty device for ſhew- _ 
ing the motions of the Sun and Moon; eſpecially, . 
as the ſloweſt moving hand might have a little 
wa fixed on its point, and the quickeſt a little F 
Moon. | A TY, | | 


* 


265, If the Earth had no annual motion, the The Moon's 


Moon's motioh round the Earth, and her track in _ 


open ſpace, would be always the fame *, But openſpace 
e de ſeribec. 
„'In this place, we may conſider the Orbits of all the Satel- 5 
tes as circular, with reſpect to aheir primary Planets; becauſe 
the excentricities of their Orbits are too ſmall to affect the Phe- | 
nomena here deſcribed, | 
0 | as 
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192 dhe Moon's Path delineated, «% 
PLATE-..as the Earth and Moon move round the Sun, thi 
Moon's real path ia the Heavens is very different 
/ from her viſible path round the Earth» the In. 
8 being in a progreſſive Circle, and the former in 
© a curve of different degrees of concavity, which 
? would always be the ſame in the ſame parts of the 
: 0 Heavens, if the Moon performed a compleat 
number of Lunations in a year without anf 
fraction. e 1 5 1 tY 
266. Let a nail in the end of the axle of a cha. 
Wheel repreſent the Earth, and a pin in thi 
the Moon; if the body of the chariot bt 


N An idea of 

the Earth's 

path, and 

the Moon's, NA | 

4 * 57 ed up ſo as to keep that wheel from touch. 
ing the ground, and the wheel be then turhed 


round bychand, the pin will deſcribe a Circle bot 


Xt round the hail, and in the ſpace it moves through, | 

OC But if the props be taken away, the horſes pur to, 
> and the chariat driven over a piece-of ground © 
| 8 which is circularly convex; the ail” in the a 
* will deſcribe a circular curve, and the pin in the ; 
nave will ſtill deſcribe a circle round the progrel: : 


| J 
"13 five nail in the axle, but not in the ſpace throug! 
\ which it moves. In this cafe; the curve deſcribe! 
v | by the nail will reſemble in miniature as much d 
N. the Earth's annual path round the Sun, as it de f 
4 % _* feribes whillt the Moon goes as often round th ... 
A Earth as the pin does round the nail: and the bh 
8 curve deſcribed by the nail will have ſome reſea-|i N 
12 of the Moons path during ſo many Lun: XL 
Tons. „ 1 5 
Let us now ſuppoſe that the radius of the cir 
cular curve deſcribed by the nail in the axle is t 
the radius of the circle which the pin in the nau 
deſcribes raund the axle as 3374 ton; which 
the proportion of the radius or ſemidiameter of tie 


A 


1 
— 
2 


2 
6 


. . Pompam 


7 

9 | 7 Earth's Orbit to that of the Moon's; or of tit 
1 Fig.I, | circular curve A1234567 B, &c. to the litit 
A XN 5 cirole a, and then, whilſt the progreſſive nail de- 
13 >» {cribes the ſaid curve from A to E, the pin will g 
. / * onge round the nail with regard to the center dl 
6; ot 
e * 


. 
9 


LY 


The Moons Path delineated. 

Its ath, and in ſo doing, will deſcribe the curse 
The former will be a true repreſenzdtion 
h's path for one Lunation, afid the 
on's for that time. Here we may 
| | 's motion, 
and alſo the Earth's moving round” its common 
center of gravity and tf + Moors: all which, if 
they were truly copied 7 py e would 
not ſenſibly alter the figure aths deſcribed 
by the nail and pin, e * ſhould rub 


of the 
latter of the 


| againſt a plain upright ſurface all the, way, and 


ſible upon it. And if the 
chariot was driven forward on ſuch a conves piece 
of ground, ſo as to turn the wheel ſeveral times 
round, the tz ck of the pin in the nave would {till 
toward the center of the circular curve 
by the pin in the axle; as the Moon's 
path is always concave to the Sun in the center of 
the Earth's annual Orbit. | 
In this Diagram, the thickeſt curve line ABCDE, 
with the numeral figures ſet to it, repreſents as 
much of the Earth's annual Orbit as it deſcribes 
in 32 days from weſt to eaſt; the little circles 5 
a, b, c, d, e, ſhew the Moon's orbit in due propo 
tion to the Earth's; and the ſmalleſt curve ab *1, e 7 
repreſents the line of the Moon's path in the Hea- 
vens for 32 days, accounted from any particular 
New Moon at 2. The Machine, Fig. sth, is for 
delineating the Moon's path, and ſnall be deferibed, 
with the reſt of my eee, machinery, in 
the laſt Chapter. The Sun is ſuppoſed to be in 
the center of the curve A 12345 6 7 B, &c. and 


leave their tracts 


the ſmall dotted circles upon it repreſent the Proportion 


of the 


Moon's Orbit, of which the radius is in the ſame zend Or- 
proportion to the Earth's path in this ſcheme, that bir to the 


the radius of the Moon's Orbit in the Heavens 
bears to the radius of the Earth's annual path 
round the Sun : that is, as 240,000, to $1,000,000, | 


4 as 1 to 3374. | \ 
| \ 
o - When 


The Moon's Path delineated; 


When the Earth is at 4, the New Moon is at a; 
and in the ſeven days that the Earth deſcribes the 
curve 12.34 5 6 7, the Moon in accompanying 
the Earth deſcribes the curve ab; and is in her 
firſt Quarter at à when the Earth is at B. As the 
Earth deſcribes the curve B 8 9 10 11 12 13 14, 
the Moon deſcribes the curve bc; and is at c, op- 
poſite to the Sun, when the Earth is at C. Whilſt 
the Earth deſcribes the curve C 15 16 17 18 19 20 
21 22, the Moon deſcribes the curve cd; and is in 
her third Quarter at d when the Earth is at D. 
And laſtly, whilſt the Earth deſcribes the curve 
D 23 24 25 26 27 28 29, the Moon' deſcribes the 
curve 4e; and is again in conjunction at e with the 
Sun when the Earth is at Z, between the 29th and 
zoth day of the Moon's age, accounted by the nu- 
mera] Figures from the New Moon at A. In de- 
ſcribing the curve a5 cd e, the Moon goes round 
the progreſſive Earth as really as if ſhe had kept in 


the dotted Circle 4, and the Earth continued im- 


The Moon's 
motion al- 
ways con- 
rav - towards 


che Sun. 


How ber 
Motion is 
alternatæly 
retarded and 
accelerated. 


moveable in the center of that Circle. 

And thus we ſee, that although the Moon goes 
round the Earth in a Circle, with reſpect to the 
Earth's center, her real path in the Heavens is not 

very different in appearance from the Earth's path. 
To ſhew that the Moon's path is concave to the 


Sun, even at the time of Change, it is carried on 


a little farther into a ſecond Lunation, as to F. 
267. The Moon's abſolute motion from her 
Change to her firſt Quarter, or from à to 6, 1s fo 
much flower than the Earth's, that ſhe falls 240 
thouſand miles (equal to the ſemidiameter of her 
Orbit) behind the Earth at her firſt Quarter in #, 
when the Earth is in B; that is, ſhe falls back a 
ſpace equal to her diſtance from the Earth. From 
that time her motion 1s gradually accelerated to 
her Oppoſition or Full at c, and then ſhe is come 
up as fer as the Earth, having regained what ſhe 
loſt in ber firſt Quarter from à to b. From the 


Full to the laſt Quarter at 4 her motion continues 
accelerated, 


The Moon's Path delineated. 195 


Aerelek l ſo as to be juſt as far before the Earth 
ar d, as ſhe was behind it at her firſt Quarter in 
5. But, from d to e her motion is retarded ſo, 
that ſhe loſes as much with reſpect to the Earth as 
is equal to her diſtance from it, or to the ſemi- 
diameter of her Orbit; and by that means ſhe 
| comes toe, and is then in conjunction with the Sun 
as ſeen from the Earth at E. Hence we find, that 
y the Moon's abſolute Motion is flower than the 
| Earth's from her third Quarter to her firſt; and 
ſwifter than the Earth's from her firſt Quarter to 


. her third: her path being leſs curved than the 
! Earth's | in the former caſe, and more 1n the latter, 
J Yer it is ftill bent the ſame way towards the Sun ; 
for if we imagine the concavity of the Earth's Or- 
. bit to be meafured by the length of a perpendicular 


. line Cg, let down from the Farth's place upon the 
| ſtraight line 3 f 4 at the Full of the Moon, and 
connecting the places of the Earth at the end of 
x the Moon's firſt and third Quarters, that length 

will be about 640 thouſand miles; and the Moon 


8 when New only approaching nearer to the Sun by 

e 240 thouſand miles than the Earth is, the length 

t of the perpendicular let down from her place at 

5 that time upon the ſame ſtraight line, and which 

e ſnews the concavity of that part of her path, will 

n be about 400 thouſand miles, e rug tet. 

r 268. The Moon's path being concave to the A %ifficulty 
0 Sun throughout, demonſtrates that her gravity e. 
0 towards the Sun, at her Conjunction, exceeds her 

r gravity towards the Earth. And if we conſider 

„ that the quantity of matter in the Sun is almoſt 

a 230 thouſand times as great as the quantity of 

n matter in the Earth, and that the attraction of each 

0 body diminiſhes as the ſquare of the diſtance from 

fa it increaſes, we ſhall ſoon find, that the point of 

2 equal attraction between the Earth and the Sun, 

ie is about 70 thouſand miles nearer the Earth than 

es the Moon is at her Change, It may then appear 


of O 2 | ſurpriſing 
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The Reaſon why the Moon does not 


PLATE. ſurpriſing that the Moon does not abandon the 


VII. 


Fig. III. 


Earth when ſhe is between it and the Sun, becauſe 


ne is conſiderably more attracted by the Sun than 


by the Earth at that time. But this difficulty 
vaniſhes when we conſider, that a common impulſe 
on any ſyſtem of bodies affects not their relative 
motions ; but that they will continue to attract, 
impel, or circulate round one another, in the ſame 
manner as if there was no ſuch impulſe. The 
Moon is ſo near the Earth, and both of them ſo 
far from the Sun, that the attractive power of the 
Sun may be conſidered as equal on both: and 
therefore the Moon will continue to circulate round 
the Earth in the ſame manner as if the Sun did 
not attract them at all: like bodies in the cabin 
of a ſhip, which may move round or impel ene 
another in the ſame manner when the ſhip is under 
fail, as when it is at reſt; becauſe: they are all 
equally affected by the common motion of the ſhip. 
If by any other cauſe, ſuch as the near approach 
of a Comet, the Moon's diſtance from the Earth 
thould happen to be fo much increaſed, that the 
difference of their gravitating forces towards the 
Sun ſhould exceed that of the Moon towards the 
Earth ; in that caſe the Moon,. when in conjunc- 
tion, would abandon the Earth, and be either 
drawn into the Sun, or Comet, or circulate round 


269. The curves which Jupiter's Satellites de - 
fcribe, are all of different ſorts from the path de- 
tcribed by our Moon, although theſe Satellites go 
round Jupiter, as the Moon goes round the Earth. 
Ler ABCDE, &c. be as much of Jupiter's Orbit. 
as he deſcribes in 18 days from A to T; and the 
curves a, , c, d, will be the paths of his four Moons 
going round him 1n his progreſſive motion, 


Now let us ſuppoſe all theſe Moons to ſet out from 
à conjunction with the Sun, as ſeen from Jupiter 


e 


abandon the Earth at | the Time of ber Change. 


at 4; then, his firſt or neareſt Moon will be at a, PLATE 
his ſecond at 3, his third at c, and his fourth at d. 7, 
At the end of 24 terreſtrial Hours after this con- lute Path of 
junction, Jupiter has moved to B, his firſt Moon 
or Satellite has deſcribed the curve à 1, his ſecond lites deline- 
the curve 5 1, his third c 1, and his fourth d 1. © 


The next day, when Jupiter is at C, his firſt Satel- 


lite has deſcribed the curve à 2, from its conjunc- 


tion, his ſecond the curve þ 2, his third the curve 
2, and his fourth the curve d 2, and ſoon. The 
numeral Figures under the capital letters ſhew 
Jupiter's place in his path every day for 18 days, 


- accounted from A to TJ; and the like Figures ſer 


to the paths of his Satellites, ſhew where they are 
at the like times. The firſt Satellite, almoſt under 
C 1s ſtationary at + as ſeen from the Sun; and 
retrograde from + to 2: at 2 it appears ſtationary 


again, and thence it moves forward until it has 


paſt 3, and is twice ſtationary, and once retro- 

ade between 3 and 4. The path of this Satel- 
The interſects itſelf every 423 hours, making ſuch 
loops as in the Diagram at 2. 3. 5. 7. 9. 10. 12. 
14. 16. 18, a little after every Conjunction. The 
ſecond Satellite 5, moving ſlower, barely croſſes its 
path every 3 days 13 hours; as at 4. 7. 11. 14. 18, 
making only 5 loops and as many Conjunctions 
in the time that the firſt makes ten. The Third 
Satellite c moving ſtill ſlower, and having deſcribed 
the curve c I. 2. 3. 4. 5. 6. 7, comes to an angle 


at 7 in conjunction with the Sun at the end of 7 Fig. In. 


days four hours; and ſo goes on to deſcribe ſuch 
another curve 7. 8. 9. 10. 11. 12. 13. 14, and is 
at 14 in its next conjunction. The fourth Satel- 
lite 4 is always progreſſive, making neither loops 
nor Angles in the Heavens; but comes to its next 
conjunction at ę between the numeral figures 16 
and 17, or in 16 days 18 hours. In order to have 


a tolerable good figure of the paths of theſe Satel- 
lites, I took the following method. 


©; ns 5 Having 


| The Rea aſen coby the. Moon does not, &c. 1 


Having drawn their Orbits on a Card, in pro- 
portion to their relative diſtances from Jupiter, 


meaſured the radius of the Orbit of the fourth 


Satellite, which was an inch and d parts of an 


n 1 — . . . = 
* —— — , . ,,⏑—— . anti, > 


inch; then multiplied this by 424 for the radius 
of Jupiter's Orbit, becide Jupiter is 424 times as 
far from the Sun's center as his fourth Satellite is 
from his center; and the product thence ariſing 
was 48 3 855 inches. Then taking a ſmall cord of 
this length, and fixing one end of it to the floor 
of a long room by a nail, with a black-lead pencil 
at the other end I drew the ite BCD, &c. and 
ſet off a degree and half thereon, from 4 to T. 
becauſe Jupiter moves only ſo much, whilſt his 
outermolt Satellite goes once round him, and 
ſomewhat more; ſo that this ſmall. portion of ſo 
large a circle Aiffirs: but very little from 4 ſtraigt 
line. This done, I divided the ſpace. AT into 18 
equal parts, as A B, BC, &c. for the daily pro- 
greſs of Jupiter; and each part into 24 for his 
hourly progreſs.” The Orbit of each Satellite was 
alſo divided into as many equal parts as the Satel 
lite is hours! in Gniſhing 1 its ſynodical period ogg, 
Jupiter. Tben drawing a right line through. the 
center of the Card, as à diameter to all, the four 
Orbits upon it, I put the card upon the line of 
Jupiter's motion, and transferred 1 it to every horary 
diviſion thereon, keepin always the ſame diameter- 
line on the line of Jupiter's. path; and running a 
in through each horary diviſion in the Orhit of 
Fach Satellite as the card was gradually transferred 
along the line ABCD, &c. of Jupiter's motion, L 
markeg points for." every hour through the Card 
for the curves deſcribed by. the Satellites, as the 
primary: Planet in the center of the Card was car- 
ried forward on the line; and ſo finiſhed the 
Figure, by trawing the lines of each Satellite's 
motion throu gh thoſe (almoſt innumerable) points: : 
by which means, this is, perhaps, as true a Figure 
of * Paths of theſe Satellites as can be 0 
5 An 


>”. 
+ "dy 
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And in the ſame manner might thoſe of Saturn: 8 And Sa- 


Satellites be delineated. | tone? . 
270. It appears by 9 ſcheme, tha the three VII. 


firſt Satellites come almoſt into the ſame line of pe 


oſition every ſeventh day; the firſt being only a Jupiter's 
ittle behind with the ſecond, and the ſecond be- Moons. 
hind with the third. But the period of the fourth 


Satellite is ſo incommenfurate to the periods of 


the other three, that it cannot be gueſſed at by 
the diagram when it would fall again into a line 
of conſunction with them between Jupiter and 
the Sun. And no wonder; for ſuppoſing them all 
to have been once in conjunction, it will require 
3,087,04 3,493,260 years to bring them in con- 


junction again. See § 73. 

271. In Fig. 4th, we have the proportions of Fie. Iv. 
the Orbits of Saturn's five Satellites, and of Ju- ane kp 
piter's four, to one another, to our Moon's Orbit, Orbits of the 
and to the Diſc of the Sun. & is the Sun; Mm —— 
the Moon's Orbit (the Earth ſuppoſed to be at E); 

7 Jupiter; 1. 2. 3. 4, the Orbits of his four 
Moons or Satellites; Sat. Saturn; and 1. 2. 3. 4. 5 
the Orbits of his five Moons. Hence it appears, 
that the Sun would much more than fill the whole 
Orbit of the Moon; for the Sun's diameter is 
765 miles, and the diameter of the Moon's 
Orbit only 480, O00. In proportion ta all theſe 
Orbits of the Satellites, the radius of Saturn's 
annual Orbit would be 211 yards, of Jupiter's 
Orbit 114, and of the Earth's 24, taking them in 


round numbers. 


272. The annexed table ſhews at once what 


proportion the Orbits, Revolutions, and Veloci- 


ties of all the Satellites bear to thoſe of their 


primary Planets, and what ſort of curves the ſeveral 


Satellites deſcribe. For, thoſe Satellites whoſe ve- 
locities round their Primaries are greater than the 
velocities of their Primaries in open ipace, make 


| loops at their conjunctions, & 269; appearing re- 


trograde en from the Sun whilſt they deſcribe 
. VVV the 


' 
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The Curves deſcribed by the ſecondary Planets. 


the inferior Parts of their Orbits, and direct whilff 


they deſcribe the ſuperior. This is the caſe with 
Jupiter's firſt and ſecond Satellites, and with Sa- 


turn's firſt. But thoſe Satellites, whoſe velocities 


are leſs than the yelocities of their primary Planets, 


move direct in their whole circumvolutions; which 


is the caſe of the third and fourth Satellites of Ju- 
piter, and of the ſecond, third, fourth, and fifth 
Satellites pf Saturn, as well as of our Satellite the 
Moon : But the Moon is the only Satellite whoſe 
motion is ay Concave to the Sun. There | is a 


4 _ n 
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ep ron of the een the Proportion. of the 
Radius of the Pla- | Time of the Pla- ity of each Sa- 
53” [net's Orbit to the |net's Revolution to telling to the Velo- 
Radius of the Orbit |the Revolution of | city” of its * 5 
of each Satellite, each Latente Planet. 1 
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table of this Soft! in De 1s Coilt's ape, b but 


it is very different from the above, which I have 


1 


computed from our Engliſh accounts of the periods 


and ae theſe Ae and Satellites, 
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© Butremarke. ſet for ſeveral evenings together. At the polar 
1 circles, where the mild ſeaſon is of very ſhort du. 
ear of ration, the autumnal Full Moon riſes at ſun-ſet 
places tom from the firſt to the third quarter. And at the 
Poles, where the Sun is for half a year abſent, the 

winter F ull Moons ſhine conſtantly without ſetting 

; from the firſt to the third quarter. 
The feen It is ſoon ſaid that all theſe Phenomena are ow- 
ofthis. ing to the different Angles made by the Horizon 
and different parts of the Moon's Orbit; and that 
& the Moon, can, be full but once or twice in a year 
L nin thoſe parts of her orbit which riſe with the leaſt 
Eh angles. But to explain this ſubject intelligibly, 
0 we muſt dwell much longer upon it, 

274. The * plane of the Equinoctial is perpen- 

N Ach to the Earth's Axis: and therefore, as the 
W Earth turns round its Axis, all parts of the Equi- 

N noctial make equal angles with the Horizon both 
at riſing and ſetting; ſo that equal portions ot it 

N always riſe or ſet in equal times. Conſequently, if 
4 The Moon's motion were equable, and in the Equi- 
de noctial, at the rate of 12 def ees 11 min. from the 
Sun every-day, as it is in her Orbit, ſhe would 
riſe and ſet 50 miputes later every day than on the 
pfeceding; for 12 deg. 11 min. of the ane 
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rife or ſet. in 50 minutes of time in all Latitudes. 
275. But the Moon's motion is fo nearly in t 
Ecliptic, that we way confider Her at preſent as 
— in it. Nor, the different parts of the 
Ecliptic, on account of its obliquity to the Earth's WW an 
Axis, make very different angles with the Hori-¶ ti 
20n as they fac e or ſet. Thoſe parts or Signs which f 
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YJ 6 riſe with the ſmalleſt angles ſet with the greateſt, de. 
aud wick vera. In. equal times, whenever this for 
Q D Angle is leaſt; a greater portion of the Ecliptic I Tr 
— riles than Chen the Angle is larger; as may be 7 


ſeen by elevating che pole of a Globe to any con- 


.. Ifta. Globe be cut gvitg n upon any Circle, the fat 
ſurface where it is fo divided, is the plane of that Circle. 
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ar ſderable Latitude, and then turning it round its PLATE 

„Axis in the Horizon. Conſequently, when the II. 

et Moon is in thoſe Signs which riſe or ſet with the 

e ſmalleſt Angles, ſhe riſes or ſets with the leaſt dif- 

le ference of time; and with the greateſt difference. 

gin thoſe Signs which riſe or ſer with che greateſt Fig: u 
An les. |; 

V * becauſe all who * chin Treatiſe may not 

n be provided with Globes, though in this caſe. it is 

at requiſite to Know how to ule them, we ſhall ſub- 

ar Wl flicute the Figure of a globe; in which FU is 

ſt the Axis, es TR the Tropic of Cancer, Lt r 

75 the Tropic of Capricorn, 5 EU i the Ecliptic 

touching both the Tropics, which: are 47 degrees 

from each other, and AB the Horizon. The 

Equator, being in the middle between the Tro- 

pics, is cut by the Ecliptic in two oppoſite points, 

which are the beginnings of yp Aries and & Libra 

Kis the Hour circle with its Index, F the North 

Pole of the Globe elevated tola conſiderable Lati- 

tude, ſoppoſe 40 degregs abovt᷑ the Horizon; and 

5 the” South, Pole depreſſech as much below it. rig. 111, 

r of the oblique poſition of the Sphere in 

this Latitude, the Ecliptic has the high elevation The cifer. 

Nes above the Horizon, making tlie Angle cn Ang, 

NU = 25 of 732 degrees with it when Cancer is Ecliptie and 

on the Meridian, at which time & Libra riſes in Horian. 

the Eaſt. But let the Globe be turned half round 

de its Axis, till Capricorn comes to the Meridian 

'S and Aries riſes | in the Eaſt, and then the Eclip- 

1s will have the low elevation NL above the 

ch Horizon; making only an Angle VU L of 262 

ſt, I degrees with it; which is 45 degrees leſs than the 

is former Angle, equal to the. diſtance between the 

ic Tropics,” N 

De 18 In northern Latitudes, the ſmalleſt Ang le lest and 
ma 


15 by the Ecliptic and Horizon is when Ac eg 

lat riſes, at which time Libra ſets ; the greateſt when 
Uibra riſes, at which time Aries ſets. From the 

le "ling of Aries to the riſing of Libra (which IS. 
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twelve * Sydereal hours) the angle increaſes ; 
from the riſing of Lab to — riſing ern Neo: 
decreaſes in the fame proportion. By this article 
and the preceding, it appears that the Ecliptic riſes 
faſteſt about Aries, and ſloweſt about Libra. 
Refaltof 277. On the parallel of London, as much of 


b "Ry 1 
ien the Ecliptic riſes about 


Angleat Piſces: and Aries in two r 
Lenden. þ nd Aries in two |} | ©] Kiſing |Serting| 
; ours as the Moon goes Oe © Diff. Dit. 
N through in fix days: and 52 3 [= r 
therefore whilſt the Moon la 45 ey 
is in thefe Signs, ſhe | | 1]. 131 516 © 
differs but in l | 81 = 
iffers but two hours in | | _ 26} 1 10f © 43 
rifing for ſix days toge- 3]Y 1001 14]0 37 
ther; that is, about 20 5 "hp 5540 3 
minutes later every day | 6| 19] 1 15 * = 
ar night than on the pre- = 2 250 20 
ceding, at a mean rate. Be i Ea: Sh 10 
afterwards, the Moon |? = 25] 1 14% 30 
comes to Virgo and Li- 12 4 81 130 39 
bra, which are the e (38h. 34.5% 2 2 
polite Signs to Piſces and ig "7 2 F 
Ari 6 wk. 4 Seay 3 4011 5 
Aries , and then ſhe fs 34:05 401-2, 8 
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ee ee al e eee 
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Op: nt: later fei 7 7/1 16 
every day or night than 1324... 99.9 1274.1. 15] 
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The Ecliptic, together with th 3 
ee together with. the fixed. Stars, 
W e e the Stars gain 3 minutes 56 ſeconds upon M 
6 minu 4 245 that a Sydereal day contains only 23 hours 8 
1 3 ＋ Lees relay a natural or Solar 4 bef 
ſhorter than 12 n yours are one minute 58 ſeconds 
{ 39H riſing 
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riſing and ſetting on the Parallel of London, for PLATE 
d 28 days; in which time the Moon finiſhes her _ 
it period round the Ecliptic, and gets 9 degrees into 
je the ſame Sign from the beginning of which the 
ſet out. So it appears by the Table, that when 
the Moon is in m and ſhe riſes an hour and a 
x WW quarter later every day than ſhe roſe on the for- 
mer; and differs only 28, 24, 20, 18 or 17 minutes 
in ſetting. But, when ſhe comes to * and , 
ſhe is only 20 or 17 minutes later in riſing; and 
b an hour and a quarter later in ſetting. 
278. All theſe things will be made plain by 
putting ſmall patches on the Ecliptic of a Globe, 
as far from one another as the Moon moves from 
any point of the celeſtial Ecliptic in 24 hours, 
which at a mean rate is 135 degrees; and then 
ins turning the Globe round, obſerve the riſing and 
ſetting of the patches in the Horizon, as the Index 
points out the different times in the hour- circle. 
A few of theſe patches are repreſented by dots at 
012 3, &c. on the Ecliptic, which has the poſi- Fig. III. 
tion LUT when Aries riſes in the Eaſt; and by 
the dots © 1 2 3, &c. when Libra riſes in the Eaſt, 
at which time the Ecliptic has the poſition E Up: 
making an angle of 62 degrees with the Horizon 
in the latter caſe, and an angle of no more than 15 
degrees with it in the former; ſuppoſing the Globe 
rectified to the Latitude of London. 9 
279. Having rectified the Globe, turn it until 
che patch at o, about the beginning of x Piſces in 
the half LUT of the Ecliptic, comes to the Eaſtern 
ſde of the Horizon; and then, keeping the ball 
ſteady, ſet the hour-index to XII, becauſe that 
hour may perhaps be mote eaſily remembered than 
any other. Then, turn the Globe round weſt= 


uy 
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+ * The Sun advances almoſt a degree in the Ecliptic in 24 
n hours, the ſame way that the Moon moves; and therefore the 
n Moon by advancing 135 degrees in that time goes little more 


rs wk, degrees farther from the Sun than ſhe was on the day 
4 ore. | | 


is od ward, 
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ward, and in that time, ſuppoſe the patch 0 tg 
have e thence to I, 133 degrees, whilſt the 
Earth turns once round its Axis, and you will ſee 


that 1 riſes only about 20 minutes later than o did 
on the day before. Turn the Globe round again; 


and in that time ſuppoſe the ſame patch to have 
moved from 1 to 2; and it will riſe only 20 
minutes later by the hour - index than it did at 1 on 


the day or turn before. At the end of the next 


turn, ſuppoſe the patch to have gone from 2 to 

at U, and it will riſe 20 minutes later than it did 
at 2. And ſo on for ſix turns, in which time there 
will ſcarce be two hours difference; nor would 
there have been ſo much, if the 6 degrees of the 
Sun's motion in that time had been allowed for, 
At the firſt. turn the patch riſes ſouth of the Eaſt; 
at the middle turn due Eaſt, and at the laſt turn 
north of the Eaſt. But theſe patches will be 9 
hours of ſetting on the weſtern ſide of the Hori- 


 zon, which ſhews, that the Moon will be ſo much 
later of ſetting in that week in which ſhe moves 


through theſe two Signs. The cauſe of this dit 


' ference is evident; for Piſces and Aries make only 
an Angle of 15 degrees with the Horizon when 


they riſe; but they make an Angle of 62 degrees 
with it when they ſet. As the Signs Taurus, Ge- 


mini, Cancer, Leo, Virgo, and Libra, riſe ſuc- 


ceſſively, the Angle increaſes gradually which they 
make with the Horizon; and decreaſes in the fame 
proportion as they ſet, And for that reaſon, the 
Moon differs gradually more in the time of her 
riſing every day whilſt ſhe is in theſe Signs, and 
leſs in her ſetting: after which, through the other 
ſix Signs, vz. Scorpio, Sagittary, Capricorn, 
Aquarius, Piſces, and Aries, the riſing difference 
becomes leſs every day, until it be at the leaſt of 
all, namely, in Piſces and Aries. 

280. The Moon goes round the Ecliptic in 27 
days 8 hours; but not from Change to Change in 
lels than 29 days 12 hours: ſo that ſhe is in Piſces 


FO ES | and 


and Aries at leaſt once in every Lunation, and in 
ſome Lunations twice. bg 
281. If the Earth had no annual motion, the 


Sun would never appear to ſhift his place in the, 


Ecliptic. And then every New Moon would fall %#*rcat 
in the ſame ſign and degree of the Ecliptic, and 


every full Moon in the oppoſite : for the Moon 
would go preciſely round the Ecliptic from Change 
to Change, So that if the Moon was once Full 
in Piſces or Aries, ſhe would always be Full when 
ſhe came round to the ſame Sign and Degree 
again. And as the Full Moon riſes at Sun-ſer 
(becauſe when any point of the Ecliptic ſets, the 
oppoſite point riſes) ſhe would conftantly riſe within 
two hours of Sun-ſer, on the parallel of London, 
during the week in which ſhe were Full. But in 
the time that the Moon goes round the Ecliptic 


| from any conjunction or oppoſition, the Earth goes 


almoft a Sign forward: and therefore the Sun will 
ſeem to go as far forward in that time, namely, 
253 degrees; ſo that the Moon muſt go 27+ de- 
grees more than round, and as much farther as the 
Sun advances in that interval, which is 24+ de- 
grees, before ſhe can be in conjunction with, or 
oppoſite to the Sun again. Hence it is evident, 
that there can be but one conjunction or oppoſition 
of the Sun and Moon in a year in any particular 


part of the Ecliptic. This may be familiarly ex- Her perten, 


emplified by the hour and minute hands of a 


watch, which are never in conjunction or oppoſition volutien ex- 
in that part of the dial-plate where they were ſo 


laſt before. And indeed if we compare the twelve 
hours on the dial-plate to the twelve ſigns of the 


| Ecliptic, the hour hand to the Sun, and the 


minute-hand to the Moon, we ſhall have a tolera- 
bly near reſemblance in miniature to the mot ions 
of our great celeſtial Luminaries. The only dit- 
ference is, that whilſt the Sun goes once round the 
Ecliptic, the Moon makes 124 conjunctions with 


him: but whilſt the hour-hand goes round the 


dials 


emplified. 


dial- plate, the n makes only 11 cbnz 
junctions with it; becauſe the minute-hand moves 
flower in reſpect to the hour- hand than the Moon 
does with regard to the Sun. 5 
The Harvet 282. As the Moon can never be full but when 
d ton” ſhe is oppoſite to the Sun, and the Sun is never 
in Virgo and Libra but in our autumnal months, 
it is plain that the Moon is never full in the oppo- 
ſite Signs, Piſces and Aries, but in theſe tyo 
months. - And therefore we can have only two 
Full Moons in the year, which riſe ſo near the 
time of Sun-ſet for a week together, as above- 
mentioned. The former of theſe is called the 
Harveſt Moon, and the latter the Hunter's Moon. 
Why the 283. Here it will probably be aſked, why we 
Moon's e- never obſerve this remarkable riſing of the Moon 


gular rifing 
3s never per- but in harveſt, ſeeing ſhe is in Piſces and Aries 


Henne” twelve Times in the year beſides; and muſt then 
rife-with as little difference of time as in harveſt? 
The anſwer is plain: for in winter theſe Signs riſe 
at noon; and being then only a Quarter of a Circle 
diſtant from the Sun, the Moon in them is in her 
firſt Quarter: but when the Sun is above the 


Horizon, the Moon's riſing is neither regarded 


nor perceived. In ſpring theſe Signs rife with the 


Sun, becauſe he is then in them; and as the Moon 


changeth in them at that time of the year, ſhe is 


quite inyviſible. In ſummer they riſe about mid- 
night, and the Sun being then three Signs, or 2 
Quarter of a Circle before them, the Moon is in 
them about her third Quarter; when riſing fo late, 
and-giving but very little light, her riſing paſſes 
unobſerved, And in autumn, theſe Signs being 
oppoſite to the Sun, riſe when he ſets, with the 
Moon in Oppoſition, or at the Full, which 3 
her ay very conſpicuous. | 


284. At the Equator, the North 1 South 
Poles lie in the Horizon; and therefore the Eclip- 


tic makes the ſame Angle ſouthward with the Ho- 
rizon 


Ls Ee. 2 
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rizon when Aries riſes, as it does northward when 
Libra riſes. . Conſequently, as the Moon at all the 
fore-mentioned patches riſes and ſets nearly at equal 
Angles with the Horizon all the year round, and 
about 50 minutes later every day or night than on 
the preceding, there can be no particular Harveſt- 
Moon at the Equator. _ 

285. The farther that any 


ey 1s from the 


Equator, if it be not beyond the Polar Circle, the 
Angle gradually diminiſhes which the Ecliptic and 


Horizon make when Piſces and Aries riſe: and 


therefore when the Moon is in theſe Signs ſhe riſes 


with a nearly proportionable difference later every 
day than on the former; and -is fow that reaſon the 
more remarkable abour the Full, until we come to 
the Polar Circles, or 66 degrees from the Equa- 
tor; in which Latitude the Ecliptic and Horizon 
become coincident every day for a moment, at the 


| fame ſydereal hour (or 3 minutes 56 ſeconds 


ſooner every day than the former) and the very 
next moment one half of the Ecliptic containing 
Capricorn, Aquarius, Piſces, Aries, Taurus, und 
Gemini, riſes, and the oppoſite half ſets. There- 
fore, whilſt the Moon is going from the beginning 
of Capricorn to the beginning of Cancer, which 
is almoſt. 14 days, ſhe riſes at the ſame ſydereal 
hour; and in autumn juſt at Sun-ſet, becauſe all 
the half of the Ecliptic, in which the Sun is at 
that time, ſets at the ſame {ydereal hour, and the 
oppoſite half riſes; that is, 3 minutes 56 ſeconds, 


of mean ſolar time, ſooner every day than on the 


day before. So whilſt che Moon is going from 
Capricorn to Cancer, the. riſes earlier every day 
than on the preceding; contrary to hat ſhe does 
at all places —— the Polar Cireles. But dur- 
ing the above fourteen days, the Moon is 24 
ſydereal hours later in ſetting; for the ſix Signs 
which riſe all at once on the eaſtern ſide of che 


Horizon are 24 hours in ſetting on the weſtern ſide 


of it; as any one may ſee by making chalk-marks 
at 
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at the beginning of Capricorn and of Cancer, and 
then, having elevated "ww Pole 66 degrees, turn 
the Globe ſlowly round its Axis, and obſerve the 
riſing and ſorting: of the Ecliptic. As the begin- 
ning of Aries is equally diſtant from the beginning 
of Cancer and of Capricorn, it is in the middle 
of that half of the Ecliptic which riſes all at once. 
And when the Sun is at the beginning of Libra, 
he is in the middle of the other half. Therefore, 
when the Sun is in Libra, and the Moon in Capri- 
corn, the Moon is a Quarter of a Circle before the 
Sun; oppoſite to him, and conſequently full in 
Aries, and a Quarter of a Circle behind him, when 
in Cancer. But when Libra riſes, Aries ſets, and 
all that half of the Ecliptic of which Aries is the 
middle, and therefore, at that time of the year, the 
Moon m at Sun-ſet from her firſt to her third 
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een Moons are in Piſces and Aries; and the vernal 
both ces of Full Moons in Virgo and Libra: in ſouthern La- 
mw" titudes/ juſt the reverſe, becauſe the ſeaſons arc 
"contrary. But Virgo and Libra riſe at as {mall 
Angles with the Horizon in ſouthern Latitudes, 

-as Piſces and Aries do in the northern; and there- 

fore the Harveſt· Moons are juſt as ee one 

Hide af the Equator as on the other.. 
297. As: theſe Signs, which riſe with ith leaſt 
Angles, + ſer with the greateſt, the vernal Full 
Moons differ as much in their times of riſing every 


night, as the autumnal Full Moons differ in thei | 


times of ſetting; and ſet with as little difference 
as the autumnal Full Moons riſe: the one being 
im all caſes the reverſe of the other 
288. Hitherto, for the ſake of plainneſs, we 
have ſuppoſed the Moon to move in the Ecliptic, 
from which the Sun never deviates. But the 
Orbit ih which the Moon really moves is different 
from the Ecliptic : one half being elevated 534 de- 
Erees above ir, and the other half as much de- 
8 * 
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preſſed below it. The Moon's Orbit therefore 


interſects the Ecliptic in two points diametrically 
oppoſite to each other; and theſe interſections are 
called the Moon's Nodes. So the Moon can never 
be in the Ecliptie but when ſhe is in either of her 
Nodes, which is at leaſt twice in every courſe from 
Change to Change, and ſometimes thrice, For, 
as the Moon goes almoſt a whole Sign mote than 
round her Orbit from Thange to Change; if ſhe 
paſſes by either Node about the time of Change, 
ſhe will paſs by the other in about fourteen days 
after; and come round to the former Node two 
days again before the next Change. That Node 
from which the Moon begins to aſcend northward, 
or above the Ecliptic, in northern latitudes, is 
called the Aſcending Node; and the other the De- 
ſcending Node, becauſe the Moon, when ſhe, paſſes 
by it, deſcends below the Ecliptic ſouthward, 

289. The Moon's oblique motion with regard 


to the Feliptic cauſes ſome difference in the times 


of hergriſtog and ſetting from what is already men- 
tioned. - For when ſhe is northward: of the Eclip- 
tic, ſhe riſes ſooner and ſets later than if ſhe moved 
in the Ecliptie: and when the is ſouthward of the 
Ecliptic, ſhe riſes later and ſets ſooner. This dif- 


ſerence is variable; even in the ſame Signs, becauſe 
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Nodes. 


the Nodes ſhift back ward about 195, degrees in 


the Ecliptic every year; and ſo go round it con- 
trary to the order of Signs in 18 years 225 days. 


290. When the aſcending Node is in Aries, the 


ſouthern half of the Moon's Orbit makes an Angle 
of 34 degrees lefs with the Horizon than the 
Ecliptic does, when Aries riſes in northern Lati- 
tudes: for which reaſon the Moon riſes: with leſs 
difference of time whilſt ſne is in Piſces and Aries, 
than ſhe would do if ſhe: kept in the Ecliptic. 
But in 9 years and 112 days afterward, the De- 
ſcending Node comes to Aries; and then the 
Moon's Orbit makes an Angle 54 degrees greater 


with the Horizon when Aries riſes, than the 
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| Eclipeic Joes at that time; which cauſes the Moon 


Of the Herve. Moon. 


to riſe with greater difference of time in Piſces and 
ib the moved in the Ecliptic. 

291. To be. a little more particular; when the 
Aſcending Node is in Aries, the Angle is only 
93 degrees on the parallel of London when Aries 
riſes, But when the Deſcending Node comes to 
Aries, the Angle i is 207 degrees; this occafions as 
great a difference of the Moon's rifing in the ſame 
Signs, every 9 years, as there would be on two pa- 


rallels 103. degrees from one another, if the 


Moon's, courſe were in the Ecliptic. The follow- 
ing Table ſhews how much the Obliquity of the 
Moon's Orbit affects her riſing and ſetting on the 
parallel of London, from the 12th to the 18th day 
of her age; ſuppoſing her to be full at the au- 
tumnal Equinox: and then, either in the Aſcend- 
ing Node, higheſt part of her Orbit, Deſcending 
Node, or loweſt part of her Orbit. M ſignifies 


morning, A aftetnoon; and the line at the foot of 
the Table e a week” s difference! in riſing and 
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T him: Table was not ee # but only. ft 
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Globe, on which the Moon's Orbit was delineated 
It may at firſt ſight ap- 
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ear erroneous ; ſince as we have ſuppoſed the 
1 5 to be full in either Node at the autumnal 
uinox, ſhe ought by the Table to riſe juſt at ſix 
0 clock or at Sun-ſet, on the 15th day of her age; 
being in the Ecliptic at that time. Bur it muſt be 
conſidered, that the Moon is only 144 days old 
when ſhe is Full; and therefore in both Caſes ſhe 
is a little paſt the Node on the 15th day, being above 
it at one time, and below it at the other. 

202. As there is a compleat revolution of the 
Nodes in 185 years, there muſt be a regular period 
of all the varieties which can happen in the riſing 
and ſetting of the Moon during that time. But 
this mifting of the Nodes never affects the Moon's 
riſing ſo much, even in her quickeſt deſcending 
Latitude, as not to allow us ſtill the benefit of her 
riſing nearer the time of Sun-ſet for a few days to- 
gether about the Full in Harveſt, than when ſhe 
is Full at any other time of the year. The follow- 
ing Table ſhews in what years the Harveſt-Moons 
are leaſt beneficial as to the times of their riſing, 
and in what years moſt, from 1751 to 1861. The 
column of years under the letter I are thoſe in 
br which the Harveſt Moons are leaſt of all beneficial, 
—\W becauſe they fall about the Deſcending Node: and 
5 18 thoſe under M are the moſt of all beneficial, be- 
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» 
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the columns from N to $ the Harveſt-Moons de- 
ſcend gradually in the Lunar Orbit, and riſe to leſs 
heights above the Horizon. From ò to N they aſ- 
cend in the ſame proportion, and riſe to greater 
heights aboye the Horizon. In both the Columns 
under S the Harveſt- Moons are in the loweſt part 
of the Moon's Orbit, that is, fartheſt South of the 
Ecliptic; and therefore ſtay ſhorteſt of all above 
the Horizon: in the columns under N uſt the re- 
verſe. And in both caſes, their riſing, though not 
at the ſame times, are nearly the ſame with regard 
to difference of time, as if the Moon's Orbit were 
coincident with the Ecliptic, 5 

3 Tears 


I cauſe” they fall about the Aſcending Node. In all 
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1751 1752 1753 1754 on; 1756 1757 1758 5 ny 

| 1770 1771 1772 1773 1774 1775 1776 1777 1778 

| 1788 1789 299 1791 1792 1793 1794 1795 1796 1797 
1307 1808 1 509 1819 1811 1812 1813 1814 1815 

1] 1826 1827 1828 1829 1830 1831 1832 1833 1834 

| 13844 1845 1846 1847 1848 1849 1550 1851 1852 


| Years in which they are moſt beneficial. 

| | | 5 ” * 
1760 1761 1762 1763 1764 1765 1766 1767 1768 1769 
1 1779 1780 1781 1782 1783 1784 1785 1786 1787 | 
1798 1799 1800 1801 1802 1803 1804 1805 1806 
d 1816 1817 1818 1819 1820 1821 1822 1823 1824 1825 

| 1835 1836 1837 1838 1839 1840 1841 1842 1843 
1893 1854 — 5 — 3 — wa Lad 25 ARS 
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293. At the Polar Circles, when the” den nee 
the Summer Tropic, he continues 24 hours above 
the Horizon; and 24 hours below it when he 
touches the Winter Tropic. For the ſame reaſon 
the Full Moon neither riſes in Summer, nor ſets 
in Winter, conſidering her as moving in the Eclip- 
tic. For the Winter Full Moon being as high in 
the Ecliptic as the Summer Sun, muſt therefore 
continue as long above the Horizon; and the 
Summer Full Moon being as low in the Ecliptic 
as the Winter Sun, can no more riſe than he does. 
But theſe are only the two Full Moons which hap- 
pen about the Tropics, for all the others riſe and 
ſet. In Summer the Full Moons are low, and their 
ſtay is ſhort above the Horizon, when the nights are 
ſhort, and we have leaſt occaſion for Moon-light : 
in Winter they go high, and ſtay long above the 
Horizon, when the nights are long, and we want 
the greateſt quzntity of Moon-lght. 
The long 294. At the Poles, one half of the Ecliptic 
SD” e ſets, and the other half never riſes: an 
i ht at the therefore, as the Sun is always half a year in de- 
1 822 ſcribing one half of the Eclipric, and as long in 


going chrough the other half, it is natural to ima- 
: | gine 
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The long Duration of Moon-light at the Poles. 


gine that the Sun continues half a year rogether 


above the Horizon of each Pole in its turn, and 
as long below it; riſing to one Pole when he ſets 
to the other. This would be exactly the caſe if 
there were no refraction: but by the Atmoſphere's 
refracting the Sun's rays, he becomes viſible ſome 
days looner, § 183, and cqntinues ſome days 
longer in ſight than he would otherwiſe do: fo that 
he appears "above the Horizon of either Pole be- 
fore he has got below the Horizon of the other. 
And, as he never goes more than 23 degrees be- 
low the Horizon of the Poles, they have very 
little dark night: it being twilight there as well as 
at all other places till the Sun be 18 degrees below 
the Horizon, $177. The Full Moon being al- 
ways oppoſite to the Sun, can never be ſeen while 
the Sun 1s above the Horizon, except when the 


Moon falls in the northern half of her Orbit; for 


whenever any point of the Ecliptic riſes, the op- 


polite point ſets. Therefore, as the Sun 1s above 
the Horizon of the north Pole from the 20th of 


March till the 23d of September, it is plain that the 
Moon, when Full, being oppoſite to the Sun, muſt 
be below the Horizon during that half of the year. 
But when the Sun is in the ſouthern half of the 
Ecliptic, he never riſes to the north Pole, during 
which half of the year, every Full Moon happens 
in ſome part of the northern half of the Ecliptic, 
which never ſets, Conſequently, as the polar In- 


| habitants never ſee the Full Moon in Summer, 
they have her always in the Winter, before, ar, 


and after the Full, ſhining for 14 of our days and 


nights. And en the Sun is at his greateſt de- 
preſſion below the Horizon, being then in Capri- 


corn, the Moon is at her Firſt Quarter in Aries, 
Full in Cancer, and at her Third Quarter in 
Libra. And as the beginning of Aries is the 
riſing point of the Ecliptic, Cancer the higheſt, 


and Libra the ſetting point, the Moon riſes at her 


Firſt Quarter in Aries, is moſt elevated above the 
F' 4 Horizon, 
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Fig. V. 


height above it; ring at her Firſt Quarter A, 


The long Duration of Moon-light at the Poles. 


Horizon, and Full in Cancer, and ſets at _ be. 
ginning of Libra in her Third Quarter, having 
continued viſible for 14 diurnal rotations of the 
Earth. Thus the Poles are ſupplied one half of 
the winter-time with conſtant Moon-light 1n the 
Sun's abſence; and only loſe ſight of the Moon 
from her Third to her Firſt Quarter, while ſhe 


gives but very little light; and could be but of 


little, and ſometimes of no ſervice to them. A 
bare view of the Figure will make this plain; in 
which ler $ be the Sun, e the Earth in Summer 
when its north Pole » inclines toward the Sun, 
and E the Earth in Winter, when its north Pole 
declines from him. SEN and NMFS is the Ho- 
rizon of the north Pole, which is coincident with 


the Equator; and, in both theſe poſitions of the 


Earth, s - yy is the Moon's Orbit, in which 
ſhe goes round the Earth, according to the order 
of the letters abcd, AB 0 D. When the Moon 
is at a, ſhe is in her Third Quarter to the Earth 


at e, and juſt riſing to the north Pole x; at & ſhe 


changes, and is at the greateſt height above the 
Horizon, as the Sun likewiſe is; at c ſhe is in her 


Firſt Quarter, ſetting below the Horizon; and is 
Joweſt of all under it at d, when oppolite to the 


Sun, and her enlightened Side toward the Earth. 
But then ſhe is full in view to the ſouth Pole p; 
which is as much turned from the Sun as the 


north Pole inclines towards him. Thus in our 


Summer, the Moon is above the Horizon of the 
north Pole whilſt ſhe deſcribes the northern half 
of the Ecliptic y a &, or from her Third Quar- 
ter to her Firſt; and below the Horizon during 
her progreſs through the ſouthern half = wv; 

higheſt at the Change, moſt depreſſed at the Full. 
But in winter, when the Earth is at E, and its 


north Pole declines from the Sun, the New Moon 


at D is at her greateſt depreſſion below the Hori- 
zon Ms, and the Full Moon at Bat her greateſt 


+ 


and 
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and keeping above the Horizon till ſhe comes to 

| her Third Quarter C. At a mean ſtate ſhe is 234 
degrees above the Horizon at B and &, and as 
; much below it at Þ and a, equal to the inclination 

| of the Earth's Axis F. $ S or & are, as it 

| were, a ray of light proceeding from the Sun to 

| the Earth; and ſhews that when the Earth 1s at e, 

F the- Sun is above the Horizon, vertical. to the 
: Tropic of Cancer; and when the Earth is at E, 

| he is below the Horizon, vertical to the Tropic of 
p Capricorn. | | 
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is extended as far as the Earth; and draws the wa- by Kee. 
ters under the torrid Zone, acting upon places ““ 
where it is vertical, inſenſibly on confined ſeas and 
bays, but ſenſibly on the ocean, whoſe beds are 
large, and the waters have the liberty of recipro- 
cation; that is, of riſing and falling,” And in the 
5 70th page of his Lunar Aſtronomy —“ But the cauſe 
- of the Tides of the Sea appears to be the bodies of 
[ the Sun and Moon drawing the waters of the Sea.“ 
. This hint being given, the immortal Sir Isaac Their The- 


ory Improve 


NewToN improved it, and wrote fo amply on the e by Sie 


1 Of the Ebbing and Flowing of the Sea. 

xz 

1 295,FHE cauſe of the Tides was diſcovered 

r II by KeyLtsr, who, in his Introduction to 

1 the Phyſics of the Heavens, thus explains it: * The The caufs 
1 Orb of the attracting power, which is in the Moon, 2 
: 

- 

r 

8 


1 


s ſubject, as to make the Theory of the Tides in a 1% _ 
7 Manner quite his own; by difcovering the cauſe 
; of their riſing on the ſide of the Earth oppoſite to 


. the Moon. For KEPLER believed, that the pre- 
$ ſence of the Moon occaſioned an impulſe which 
n cauſed another in her abſence. 

296. It has been already ſhewn, F 106, that the Explained 
b power of gravity diminiſhes as the ſquare of the MA rung 
; ſtance increaſes; and therefore the waters at Z cps. 
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PLATE 
IX. 


Fig. I. | 


Of the Tides. 


on the ſide of the Earth ABCDEFGH next the 
Moon M are more attracted than the central parts 
of che Earth © by the Moon, and the central parts 
are more attracted. by her than the waters on the 
oppolite ſide of the Earth at 2: and therefore the 
diſtance between the Earth's center and the waters 
on its ſurface under and oppoſite to the Moon 


| will be increaſed. For, let there be three bodies 


at H, O, and D: if they are all equally attracted 
by the body M, they will all move equally faſt 
toward it, their mutual diſtances from each other 
continuing the ſame. If the attraction of Mis un- 
equal, then that body which is moſt ſtrongly at- 
trated will move faſteſt, and this will incteaſe its 
diſtance from the other body. Therefore, by the 
law of gravitation, AZ will attract H more ſtrongly 
than it does O, by which the diſtance between H 
and O will be increaſed ; and a Spectator on O will 


perceive # riling higher toward Z. In like man- 
ner, O being more ſtrongly attracted than D, it 


will move farther towards M than D. does: conſe- 
quently, the diſtance between O and D will be 
increaſed ; and a ſpectator on O, not perceiving 
his own motion, will ſee! D: receding farther from 
him towards : all effects and appearances. be- 


ine the dame d whether D n trom 0, or 0 


from. 20 ITO 3) 1 14 

297. Su Suppaſe ec; tee is 2 eee oft bottles 
3 A, B, C, D, E, F, G, H, placed round O, ſo as to 
form 2 brxible or fluid ring: then, as the whole is 
attracted towards 24, the parts at H and D will 
have their diſtance, from O increaſed; whilſt the 
parts at B and F, being nearly at the lie diſtance 
from Mas O is, theſe parts will not recede from 
one another; but rather, by the oblique attraction 
of M, they will approach nearer to O. Hence, 
the fluid ring will form itſelf into an ellipſe 
ZIBL VX NZ, whoſe longer Axis a © Z pto- 
duced will paſs through M, and its ſhorter Axis 


BOF will terminate in B and F. Let the ring be 


filled 


2 
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filled with fluid particles, ſq as to form a ſphere 
round O; then, as the whole moves toward M, the 
uid ſphere being lengthened at Z and n, will 
aſſume an oblong or oval form. If M is the 
Moon, 0 the Earth's center, ABC DEFG H the 
Sea covering the Earth's ſurface, it is evident, by 
the above reaſoning, that whilſt the Earth by its 


pony falls toward the Moon, the Water directly 


elow her at H will ſwell and riſe gradually towards 
her: alſo the Water at D will recede from the 
center | ſtrictly ſpeaking the center recedes from D] 
and rife on the oppoſite {ide of the Earth: whilſt 
the Water at Band F is depreſſed, and falls below 
the former level. Hence, as the Earth turns round 
its Axis from the Moon to the Moon again in 24+ 
hours, there will be two Tides of Flood and two of 

bb in thar time, as we find by Experience. 

298. As this explanation of the ebbing and 
flowing of the Sea is deduced from the Earth's con- 
ſtantly falling toward the Moon by the power of 
ney ſome may find a difficulty in conceiving 

ow this is poſſible, when the Moon is full, or in 
oppoſition to the Sun; fince the Earth revolves 
about the Sun, and muſt continually fall towards 
it, and therefore cannot fall contrary ways at the 
ſame time: or if the Earth is conſtantly falling 
towards the Moon, they muſt come together at 
laſt. To remove this difficulty, let it be conſi- 
dered, that it is not the center of the Earth that 
deſcribes the annual Orbit round the Sun, but 
the » common center of gravity cf the Earth and 
Moon together: : and that whilſt the Earth Is 


2 This center is as moch nearer the Earth's center TUO the 
Moon's as the. Earth is heavier, or contains a greater quantity 
of matter than the Moon, namely, about 40 times. f both 
bodies were ſuſpended on it, they would hang in eguilibrio. 
$0 that dividing 240, o miles, the Moon's Gittance from the 
Earth's center, by 40, the excels of the Earth's weight above the 
Moon's, the quotient will be 60c0 miles, which is the diſtance of 
the common center ot gravity ot the Earth and Moon from the 
Earth” s ceutet. „ 
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Why the 
Tides are 
not higheſt 
when the 

Mcon is on 
tbe Meri- 


dian. 
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was paſt the Meridian, yet the motion of aſcent 


07 the 7 ides. 


moving Wumin Fay Sun, it alſo deſeribes a Girde 
round that center of gravity; going as many times 
round it in one revolution about the Sun as there 
are lunations or courſes of the Moon round the 
Earth in a year: and therefore, the Earth is con- 


ſtantly falling towards the Moon from a tangent 


to the Circle it deſcribes round the ſaid common 
center of gravity. Let M be the Moon, TW part 
of the Moon's Orbit, and C the center of gravity 
of the. Earth and Moon: whilſt the Moon goes 
round her Orbir, the center. of the Earth-deſcribes 
the Circle, 4g e round C, to which Circle ga & is a 
tangent: and therefore, when the Moon has gone 
from M to a lictle paſt V, the Earth has moved 
from g to e; and in that time has fallen towards 
the Moon, from the tangent at 4 o e; and ſo on, 
round the whole Cir ele... 

299. The Sun's influence in W che Tides i is 
but ſmall in compariſon of the Moon's: for though 
the Earth's diameter bears a conſiderable propor- 
tion to its diſtance from the Moon, it is next to 


nothing when compared to its diſtance from the 
Sun. And therefore, the difference of the Sun's 


attraction/ on the ſides of the Earth under and op- 
poſite to him, is much leſs than the difference of 
the Moon's attraction an the ſides of the Earth un- 
der and oppoſite to her: and therefore the Moon 
muſt raiſe the ee en 2 than tra CAR os 
AS by thocBun.::: bio lf 1 
300. On lis ieee Fg 406 as 1667 has. ex- 
plained it, the Tides ought to be Higheſt directly 
under and oppoſite to the Moon; that is, when 
the Moon is due north and ſouth. But, we find, 


that in open Seas, where the water flows, freely, 


the Moon M 1s generally paſt the north and ſouth 
Meridian, as at p, when it is high water at Z and 
at 1. The reaſon is obvious; for though the 
Moon's attraction was to ceaſe altogether when ſhe 


communls 


as — ante an 6s Am PC at De iN 


— 


8 


D ip = vc. * 


. act 


| ſhe is neareſt, ſne attracts ſtrongeſt; and ſo raiſes 
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communicated to the water before that time would PLATE 
make it continue to riſe for ſome time after; much 
more muſt it do ſo when the attraction is only 
diminiſhed: as a little impulſe given to a moving 
ball will cauſe it ſtill to move farther than other- 
wiſe it could have done. And as experience ſhews, 
that the day is hotter about three in the afternoon, 
than when the Sun is on the Meridian, becauſe of 
the encreaſe made to the heat already imparted. 

301. The Tides anſwer not always to the fame Ner always 


anſwer to 


diſtance of the Moon from the Meridian at the be, being a 


ſame places; but are variouſly affected by the action di- 
of the Sun, which brings them on ſooner when the 3 
Moon is in her firſt and third Quarters, and keeps 
them back later when ſhe is in her ſecond and 


fourth: becauſe, in the former caſe, the Tide raiſed. 


by the Sun alone would be earlier than the Tide 
raiſed by the Moon; N in wa latter caſe later. | 


302. The Moon goes 8 che Exeeti: in an 
elliptic / Orbit, and therefore, in every Lunar 
Month, ſhe approaches nearer to the Earthithan her 
mean ſtances and recedes farther from it. When 12 18 
the Tides moſt; the contrary happens when ſhne 
isfartheſt; becauſe of her weaker attraction, + When 

oth Fre ag are in the Equator, and the 

oo in Periges; or at her leaſt diſtance from the 
Earrh, the raiſk 2 the Pides higheſt of all, eſpecially 
at her Conjunction and Oppoſition; both becauſe 
the equatoreal parts have the greateſt centrifugal 
force from their deſoribing the largeſt Cirele, and 
from the concurring actions of the Sun and Moon. 

At the Change, the attractive forces of the Sun 
and Moon being united; they diminiſh the gravity 
of the waters under the Moon, and their gravity 
on the oppoſite” ſide is diminiſhed: by means of a = 
greater centrifugal force. At the Full, whilft the Fiz. vi, 
Moon raiſes the Tide under and oppoſite to her, 
the Sun acting in the ſame line, raiſes the Tide 
under 
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222 | Of the Tides; 
under and oppoſite to him; whence their cothoint 
effect is the ſame as at the Change; and in both 


caſes, occaſion what we call the Spring Tides. But 
at the Quarters the Sun's action on the waters at 


O and H diminiſhes the Effect of the Moon's action, 


on the waters at Z and M; ſo that they riſe a little 
under and oppoſite to the Sun at O and Il, and 
fall as much under and oppoſite to the Moon at 
Z and M; making what we call the Neap Tides, 
becauſe the Sun and Moon then act croſs-wiſe to 
each other. But, ſtrictly ſpeaking, theſe Tides 
happen not till ſome time after; becauſe in this, 
as in other caſes, & 3co, the actions do not produce 
the greateſt effect when they are at the A 
but ſome time after ward. 
Net erestt 303. The Sun being nearer the Earth in Winter 
1 ph chan in Summer, § 20g, is of courſe nearer to it 
why. in February and Ott ber, than in March and Sep- 
tember; and therefore the greateſt Tides happen 
not till ſome time after the autumnal ee and 
return a little before the vernal. 
The Tides The Sea being thus put in motion, would con- 
would not. t tinue to ebb and low for ſeveral times, even though 
F the Sun and Moon were annihilated, or their in- 
lation of the fluence ſhould ceaſe: as if a baſon of water were 
.* Svnand agitated, the water would continue to move for 
. ſome time after the baſon was left to ſtand ſtill. 
Or like a pendulum, which having been put in 
motion by the hand, continues to make ſevera 


wee, without * new Ware 6 


3 304. When che Moog is in the Eawetbt, the 
Tr. Tie: Tides are equally. high in both parts of the lunar 
riſe bee, day, or time of the Moon's revolving from the 
# the ane Meridian to the Meridian again, which is 24 hours 
end o minutes. But as the Moon declines from the 
8 Equator towards either Pole, the Tides are alter- 
nately higher and lower at places having north or 

ſouth Latitude. For one of the higheft elevations, 


which is that under the Moon, follows her * 
6 | "= 


35 
3 
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the Pole to which ſhe is neareſt, and the other 
declines towards the oppoſite pole; each elevation 
deſcribing parallels as far diſtant from the Equator, 
on oppoſite ſides, as the Moon declines from it to 
either ſide; ànd conſequently, the parallels de- 
ſcribed by theſe elevations of the water are twice 
as many degrees from one another, as the Moon is 
from the Equator; increaſing their diſtance as the 
Moon increaſes her declination, till it be at the 
greateſt, when the ſaid parallels are, at a mean ſtate, 
47 degrees from one another: and on that day, 
the Tides are moſt unequal in their heights. As 
the Moon returns toward the Equator, the parallels 
deſcribed by the oppolite elevations approach to- 
wards each other, until the Moon comes to the 
Equator, and then they coincide. As'the Moon 
declines toward the oppoſite Pole, at equal diſ- 
tances, each elevation deſcribes the ſame parallel 
in the other part of the lunar day, which its op 

ſite elevation deſcribed before, Whilſt the Moon 
has north declination, the greateſt Tides in the 
northern Hemiſphere are when ſhe 1s above the 
Horizon; and the reverſe whilſt her declination is 
ſouth. Let MES be the Earth, NC & its 
Axis, E @ the Equator, 7s the Tropic of Cancer, 


tw the Tropic of Capricorn, 25 the arctic Circle, 


ed the antarctic, N the north Pole, S the ſouth 
Pole, M the Moon, F and G the two eminencies of 
water, whoſe loweſt parts are at à and d (Fig. III.) 


at M and $ (Fig. IV.) and at & and & (Fig. V.) 


always go degrees from the higheſt. Now when 
the Moon is in her greateſt north declination at 
M, the higheſt elevation G under her. is on the 


Tropie of Cancer, T, and the oppotice elevation 


F on the Tropic of Capricorn t; and theſe two 
elevations deſcribe the Tropics by the Earth's 
diurnal rotation. All places in the northern He- 


miſphere ENS have the higheit Tides when they 


come into the poſition „ ©, under the Moon; 
and the lowelt Tides ben the Earth's diurnal 
| rotation 
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Fig. V. 


Fig. VI. | 
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rotation carries them into the poſition a 7 , on 


the ſide oppoſite to the Moon; the reverſe happens 
at the ſame time in the ſouthern Hemilphere 
ES Q, as is evident to fight. The Axis of the 
Tides aCd has now its Poles @ and d (being always 
go. degrees from the higheſt elevations) in the 
arctic and antar&ic Circles; and therefore it is 
plain, that at theſe Circles there is but one Tide 
of Flood, and one of Ebb, in the lunar day. For, 
when the point à revolves half round to , in 12 
lunar hours, it has a tide of Flood; but when it 
comes to the ſame point @ again in 12 hours more, 
it has the loweſt Ebb. In ſeven days afterward, 
the Moon M comes to the equinoctial Circle, and 
is over the Equator E, when both elevations 
deſcribe the Equator; and in both Hemiſpheres, 
at equal diftances from the Equator, the Tides are 
equally high in both parts of the lunar day. The 
whole Phenomena being reverſed, when the Moon 
has ſouth declination, to what they were when 
her declination was north, raguiage no farther de · 
ſcription. | 

305. In the three W figures, the 
Earth is orthographically prqjected on the plane of 
the Meridian; but in order to deſerib @ particular 
Phenomenon, we now project it on the plane of 
the Ecliptic. Let HZ ON be the Earth and Sea, 
or, T the Tropie of Cancer, C 
the arctic Circle, P the north Pole, and the Curves 
I, 2, 3, Sc. 24 Meridians, or Hour-circles, inter- 


$8 


ſecting each — in the Poles; 46 M is the 


Moon's Orbit, $ the Sun, M the Moon, Z the 


When both Water elevated under the Moon, and N the oppo- 


Tides 2re 
equally high 


of the 


fite equal Elevation. As the loweſt parts 


in ive fame Water are always go degrees from the higheſt, 


dey, they ar- 
rive at un- 
equal inter- 


vals o 


Time; 


vice 8 7 


when the Moon is in either of the Tropics (as at 
M) the Elevation Z is on the Tropie of Capricorn, 


and and the oppoſite Elevation N on the Tropic of 


Cancer, the low water Circle HCO touches the 


polar Circles at C; and the high-water Circle 


5 ETP 


89 a 
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h E 7＋ 56 gdes over the Poles at P, and divides 
9 every er of Latitude into two equal ſegments. 
e In this caſe the Tides upon every parallel are 
alternately higher and lower; but they return in 
equal times: the point 7, for example, on the 
Tropic of Cancer (where the depth of the Tide is 
repreſented by the breadth of the dark ſhade) has 
a ſhallower Tide of Flood at 7, than when it re- 
yolves half round from thence to 6, according to 
the order of the numeral Figures; bur it revolves 


it as ſoon from 6 to T as it did from 7 to 6, When 
e, the Moon is in the Equinoctial, the Elevations Z 
l, and NM are transferred to the Equator at O and H,. 
d and the high and low-water Circles are got into 
1s each other's former places; in which caſe the 
8, Tides return in unequal times, but are equally 
re high in parts of the lunar day: for a place at 
ge 1 (under D) revolving as formerly, goes ſooner 
n from 1 to 11 (under #) than from 11 to 1, be- 
n cauſe the parallel it deſcribes is cut into unequal 


2 ſegments by the high-water Circle ZCO: but the 

points 1 and 11 being equidiſtant from the Pole 
le of the Tides at C, which is directly under the Pole 
of of the Moon's Orbit MG 4, the Elevations are 
ar = _ in both yon of the * 


a, 306. And 8 it appears, that as the Tides 
governed by the Moon, they muſt turn on the 
Axis of the Moon 's Orbit, which is inclined 234 
. degrees to the Earth's Axis at a mean ſtate: and 
ic therefore the Poles of the Tides muſt be ſo many 
ne degrees from the Poles of the Earth. or in oppo- 
o- ſte points of the polar Circles, going round theſe 
ic Circles in every lunar day. It is true, that accord- 
t, ing to Fig. IV, when the Moon is virtical to the 
at W Equator EC , the Poles of the Tides ſeem to 
n, fall in with the Poles of the World N and S; but 
of when we confider. that FG A is under the Moon's 
ic Orbit, it will appear, that when the Moon is over 
le © " in the Tropic of Capricorn, the north Pole of 
6 . the 
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the Tides (which can be no more than go degrees 
from under the Moon) muſt be at C in the arctic 
Circle, not at P, the north Pole of the Earth, 
and as the Moon aſcends from H to G in her Orbit, 
the north Pole of the Tides muſt ſhift from c to 4 
in the arctic Circle, and the ſouth Pole as much in 
the antartic. 

It is not to be doubted, bot that the Earth's 
quick rotation brings the Poles of the Tides nearer 
to the Poles of the World, than they would be if 

the Earth were at reſt, and the Moon revolved 
about it only once a month; for otherwiſe the 
n Tides would be more unequal in their heights, and 
times of their returns, than we find they are. But 
how near the Earth's rotation may bring the Poles 
of its Axis and thoſe of the Tides together, or 
how far the preceding Tides may affect thoſe 
which follow, ſo as to make them keep up nearly 
to the ſame heights, and times of ebbing and flow- 
ing, is a problem more fit to be ſolved by obſerva- 
tion than by theory. | LE LF 1 


To know at | 307. Thoſe ho have apportpnity to make 
de me ce. Obſervations, and chooſe to ſatisfy themſelves whe- 
rea the ther the Tides are really affected in the above 
a Tide. manner by the different F yon of the Moon, 
eee.ſpecially as to the unequal times of their returns, 
may take this general mie for knowing when they 
ought to be ſo affected. When tlie Farth's Axis 
inclines to the Moon, the northern Tides, if not 
retarded in their paſſage through Shoals and Chan- 


nels, nor affected by the Winds, o ought to be 


greateſt when the Moon is above che Horizon, leſt 


when ſhe is below it; and quite the reverſe when 
the Earth's Axis declines fon Ber * bor in both 
caſes, at equal intervals of time. When the 
Earth's! Alis inclines ſidewiſe to the Moon, both 
Tides are equally if but they happen at unequal 
intervals of time. In every Lunation the Earth's 


Axis inclines once to the Moon, once from her, 


and 


In Winter the Phenomena are the ſame at Full- 


20n, greateſt when ſhe is below it; and the reverſe 


and Headlands, that to different places they hap- wenden at 
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and twice ſidewiſe to her, as it does to the Sun 
every year: becauſe the Moon goes round the 
Ecliptic every Month; and the Sun but once in a 
year. In Summer, the Earth's Axis inclines to- 
wards the Moon wheri New; and therefore the 
day-tides in the north ought to be higheſt, and 
night-tides loweſt about the Change: at the Full 
the reverſe. At the Quarters they ought to be 
equally high, but unequal in their returns; becauſe 
the Earth's Axis then inclines ſidewiſe to the Moon. 


Moon as in Summer at New, In Autumn, the 
Farth's Axis inclines ſidewiſe to the Moon when 
New and Full; therefore the Tides ought to be 
equally high and unequal in their returns at theſe 
times. At the firſt Quarter the Tides of Flood 
ſhould be leaſt when the Moon is above the Hori- 


at her third Quarter. In Spring, the Phenomena 
of the firſt Quarter anſwer to thoſe of the third 
Quarter in Autumn; and vice verſa, The nearer 
any time is to either of theſe ſeaſons, the more the 
Tides partake of the Phenomena of theſe ſeaſons ; 
and in the middle, between any two of them the 
Tides are at a mean ſtate between thoſe of both. 

308. In open Seas, the Tides riſe. but to very wy the 
ſmall heights in proportion to what they do in Tides riſe. 


2 + | | | A. — 0 : higher in 
wide-mquthed rivers, opening in the Direction of a 


the Stream of Tide. For, in Channels growing is tbe Sea. 
narrower gradually, the water is accumulated by 
the oppoſition of the contracting Bank. I. ike a 
gentle wind, little felt on an open plain, but ſtrong 
and briſt in a ſtreet; eſpecially if the wider end 
ef the geg be gef tHe plain, and in the way of 


the wind 


309. The Tides are ſo retarded in their paſſage The Tides 
through different Shoals and Channels, and other- eee 
wiſe ſo variouſly affected by ſtriking againſt Capes the Moon 


from the 


pen at all diſtances of the Moon from the Meridian; different 
; places, and 
22. conſe- 51, 
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bo conſequently at all hours of the lunar day. The 

7 Tide propagated by the Moon in the Germas 
fy Ocean, when ſhe is three hours paſt the Meridian, 
| takes 12 hours to come from thence to London. 
bridge ;' where it arrives by the time that a ney 
Tide is raiſed in the Ocean, And therefore when 
the Moon has north declination, and we ſhould 
expect the Tide at London to be greateſt when the 
Moon is above the Horizon, we find it is leaſt; 
and the contrary when ſhe has ſouth declination, 
- At ſeveral places it is high-water three hours be- 
fore the Moon comes to the Meridian; but that 

Tide which the Moon puſhes as it were before 

her, is only the Tide oppoſite to that which was 


raiſed by her when ſhe was nine hours paſt the op- 


polite Meridian. 


Phe Water 310. There are no Tides in Lakes, becauſe they 


10 Lake. are generally ſo ſmall, that when the Moon is 

; vertical ſhe attracts every part of them alike, and 
therefore by rendering all the water equally light 
no part of it can be raiſed higher than another. 
The Mediterraneais and Baltic Seas have very ſmall 
elevations, becauſe the Inlets by which they com- 
municare with the Ocean are fo narrow, that they 
cannot, in ſo ſhort a time, receive or diſcharge 
Nen to raiſe or fink their ſurfaces. Rn 

The Moon 311. Air belng Hebter than Water „and the 

242 e forfats of the Atmöſphere being hearer to the 
Moon than the ſurface of the Sea, it cannot be 
doubred' that the Moon raiſes much higher Tides 
in the Air than in the Sea. And therefore many 
have wondered why the Mercury does not ſink in 
the Barometer when the Moon's action on the 
particles of Air makes them lighter as ſhe paſſes 
over the Meridian. But we muſt conſider, that 

E as theſe particles are rendered lighter a greater 


the Baro- number of them is accumulated, until the defi- 
meter is not 


affected by Clency of gravity be made up by the height of the 


rec, column; and then there is an equilibrium, and con- 
18 5 — 
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ſequently an equal preſſure upon the Mercury 


as before; ſo that it cannot be affected by the 


aerial Tides, 


CHAP. XVIII. 


Of Bulivfu Their Number and Periods. 4 large 


Catalogue of Ancient and Modern Edlipſes. 


0571 VERY Planet and Satellite is illumi- 4 ſhadow 


24 nated by the Sun; and caſts a ſhadow Our 


towards that point of the Heaven which is oppo- 


fire to the Sun. This ſhadow 1s nothing but 'a 
rivation of light in the ſpace hid from the Sun 
b the opake body that intercepts his rays. 
313. When the Sun's light is ſo intercepted by tclipfes of 
the Moon, that to any place of the Earth the Sun un 380 


Moon, 


appears partly or wholly covered, he is ſaid to what, 


undergo an Eclipſe; though, properly ſpeaking, it 


is only an Eclipſe of that part of the Earth where 


the Moon's ſhadow or“ Penumbra falls. When 
the Earth comes between the Sun and Moon, the 


Moon falls into the Earth's. ſhadow ; and having 
no light of her own, ſhe ſuffers a real Eclipſe from 


the interception of the Sun” s rays. When the Sun 
is eclipſed to us, the Moon's Inhabitants on the 
ſide next the Earth, (if any ſuch there be) ſee her 
ſhadgiy like a dark pot travelling over the Earth, 
about twice as faſt. as its cquatoreal parts move, 
and, the dame wa as they. move. When the Moon 
is in an Ec hp! ſe, the Sun appears eclipſed to her, 
1 parts on which the Earth's ſhadow 
of; as, long Apen 35. they Kurdi the 
„ That the Earth. is Toherical (for, the 8 
1 5 off no more from the roundneſs of the Earth, be Kath 


I and Moon 


than grains of duſt do from the roundneſs of are gobular 


bodies, 


* The Penumbra is a faint oa of ſhadow all around the 
perfect ſhadow of the Planet or Satellite, and will be more fully 
explained by and by. 


2 common 


common Globe) is en * the figure of in 
ſhadow on the Moon; which is always bounded 
by a circular line, although the Earth is inceſſantly 
turning its different ſides to the Moon, and very 
ſeldom ſhews the ſame ſide to her in different 
Eclipſes, becauſe they ſeldom happen at the ſame 
hours, Were the Earth ſhaped like a round flat 
plate, its. ſhadow would only be circular when 
; either of its ſides directly faced the Moon; and 
more or leſs elliptical as the Earth happened to be 
turned more or leſs obliquely towards. the Moon 
when ſhe is eclipſed. The Moon's different Phaſes 
prove her to be round, 5 254; for, as ſhe keeps 
ſill the ſame fide towards the Earth, if that fide 
were flat, as it appears to be, the would never be 
viſible from the third Quarrer to the firſt; and 
from the firſt Quarter to the third, ſhe would ap- 
pear as round as when we ſay ſhe is Full; becauſe 
at the end of her firſt Quarter the Sun's light 
would come as ſuddenly on all her ſide next the 
Earth, as it does on a flat wall, and 20 off as ab- 

ruptly at the end of her third Quarter 
Ine 3186. If the Earth and Sun were equally big, 
the gon is the Earth's ſhadow would be infinitely extended, 
das h. and all of the ſame bulk; and the Planet Mars, 
2 in either of its 1 and oppoſite to the Sun, 
. would be eclip ed in the Earth's. ſnadow. Were 
. the Ea th bigger, this the Sun, its ſhadaw would 
increaſe in bulk k the farther | it extended and would 
eclipſe the great Planets Jupiter and Saturn, with 
all their Moons, when they were oppoſite to the 
Sun. Bot as Mars in oppoſition, never falls into 
the Earth's ſhadow, bars! he is not then above 
42 millions of miles from the Earth, it is plain 
that the Earth is much leſs than the Sun; for 
otherwiſe its ſhadow; could not end in a point at 
fo ſmall a diſtance. If the Sun and Moon were 
equally big, the Moon's ſhadow would go on to 
the Earth with an equal breadth, and cover a por- 
tion of the Earth's ſurface more than 2000 mo 

broa 
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broad, even if it fell directly againſt the Earth's 
center, as ſeen from the Moon; and much more 
if it fell obliquely on the Earth: but the Moon's 
ſhadow is ſeldom 150 miles broad at the Earth, 
unleſs when it falls very obliquely on the Earth, 
in total Eclipſes of the Sun. In annular Eclipſcs, 
the Moon's real ſhadow ends in a point at ſome 
diſtance from the Earth. The Moon's ſmall dif- 
tance from the Earth, and the ſhortneſs of her 
ſhadow, prove her to be leſs than the Sun. And 
as the Earth's ſhadow is large enough to cover the 
Moon, if her diameter were three times as large as 
sit eis (which is evident from her long continuance 
de in the ſhadow when ſhe goes through its center) 
be it is plain, that the Earth i is much digge⸗ than the 
nd Moon. 

1 316. Though all opake bodies on which the The pri- 


iſe WW Sun ſhines have their ſhadows, yet ſuch is the . — 
ht bulk of the Sun, and the diſtances of the Planets, ec one 
he that the primary Planets can can never eclipſe one 

D- another. A Primary can eclipſe only its Secon- 


dary, or be eclipſed by it; and never but when in 
85 oppoſition or conjunction with the Sun. The pri- 
d, mary Planets are very ſeldom in theſe poſitions, 


3, but the Sun and Moon are fo every month: whence 
n, one may iinagine that thefe two Luminaries ſhould 
le be eclipſed every month. But there are few 


d Eclipſes in reſpect of the döner of New and Full 
d Moons; the reaſon of which we ſhall now explain. 
h 317. If the Moon's Orbit were coincident with why there 
e the Plane of the Ecliptic, in which the Earth al- ehre. 
ways moves and the Sun appears to move, the 
Moon's ſhadow would fall upon the Earth at every 
Change, and eclipſe the Sun to ſome parts of the 
Earth. In like manner the Moon would go 
through the Middle of the Earth's ſhadow, and be 
eclipſed at every Full; but with this difference, 
that ſhe would be totally darkened for above an 
hour and an half; whereas the Sun never was above 


four minutes totally eclipſed by the interpoſition 
Q 4. | of 
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TheMoon's Of the Moon. But one half of the Moon's Orbit 


Nodes. 


Limits of 
Eclięſes. 


is elevated 35 degrees above the Ecliptic, and the 
other half as much depreſſed below it: conſe- 
quently, the Moon's Orbit inter ſects the Ecliptic 
in two oppoſite points called the Moon's Nodes, as 
has been already taken notice of, & 288. When 
theſe points are 1n a right line with the center of 
the Sun at New or Full Moon, the Sun, Moon 
and Earth are all in a right line; and if the Moon 
be then New, her ſhadow falls upon the Earth; 
if Full, the Earth's ſhadow falls upon her. When 
the Sun and Moon are more than 17 degrees from 
either of the Nodes at the time of Conjunction, 
the Moon is then generally too high or too low in 


her Orbit to caſt any part of her ſnadow upon the 


Earth. And when the Sun is more than 12 de- 
grees from either of the Nodes at the time of Full 
Moon, the Moon is generally too high or too low 
in her Orbit to go through any part of the Earth's 
ſhadow: and in both theſe caſes there will be no 
Eclipſe. But when the Moon is leſs than 17 de- 
grees from either Node at the time of Conjunction, 
her ſhadow or Penumbra falls more or leſs upon 
the Earth, as ſhe is more or leſs within this 


limit ?. And when he is leſs than 12 degrees 


from either Node at the time of Oppoſition, ſhe 
goes through a greater or leſs portion of the Earth's 
ſhadow as ſhe is more or leſs within this limit, 
Her Orbit contains 360 degrees; of which 17, the 
limit of ſolar Eclipſes on either ſide of the Nodes, 


and 12, the limit of lunar Eclipſes, are but ſmall 


portions: and as the Sun commonly paſſes by the 
Nodes but twice in a year, It 1s no wonder that 


® This admits of tae variation: for, in apogeal Eclipſes, 
the ſolar limit is but 164 degrees; and in perigeal Eclipſes it 
is 183.— — When the Full Moon is in her Apogee, ſhe will 
be eclipſed if ſhe be within 104 degrees of the Node ; and 
when ſhe is full in her Perigee, the will be eclipſed if the be 
vithin 1230 degrees of the Noge. 1 
we 
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we have ſo many New and Full Moons without prArz x, 
Eclipſes. 

To illuſtrate chis, let ABCD be the Ecliptic, Figs I, 
RSTU a Circle lying in the ſame Plane with the 
Ecliptic, and YI XY the Moon's Orbit, all thrown 
into an oblique view, which gives them an ellipti- 
cal ſhape to the eye. One half of the Moon's 
on Orbit, as V, A, is always below the Ecliptic, and 
on the other half 2 above it. The points and 
1; A, where the Moon's Orbit interſe&s the Circle 
en RSTU, which lies even with the Ecliptic, are the 
m Moon's Nodes; and a right line, as XEY, drawn, Line a6 
n, from one to the other, through the Earth's center, e. 
in is called the Line of the Nodes, which is carried al- 

e moſt parallel to itſelf round the Sun in a year. 

e- If the Moon moved round the Earth in the Or- 
I bit RSTU which is coincident with the Plane of 
W the Ecliptic, her ſhadow would fall upon the Earth 
8 every time ſhe is in conjunction with the Sun, and 
0 at every oppoſition ſne would go through the 
— Earth's ſhadow. Were this the caſe, the Sun would 
, be eclipſed at every Change, and the Moon at 
n wry Full, as already mentioned. 

$ But although the Moon's ſhadow M muſt fall 
8 upon the Earth at a, when the Earth is at E, and 
the Moon in conjunction with the Sun at i, becauſe 
ſhe is then very near one of her Nodes; and at 
her oppoſition 1 ſhe muſt go through the Earth's 
ſhadow I, becauſe ſhe is then near the other Node; 
yet, in the time that ſhe goes round the Earth to 
her next Change, according to the arder of the 
letters A, the Earth advances from E to e, 
according to the order of the letters E FG H, and 
the line of the Nodes VEX being carried nearly 
parallel to itſelf, brings the point F of the Moon's 
Orbit in conjunction with the Sun at that next 
Change; and then the Moon being at 7, is too 
high above the Ecliptic to caſt her ſhadow on the 
Earth: and as the Earth is ſtill moving forward, 
the Moon at her next oppoſition will be at g. 625 
9 ar 
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PLATE x. far below the Ecliptic to go through any part of 
the Earth's ſhadow ; for by that time the point g 
will be at a conſiderable diſtance from the Earth 
as ſeen from the Sun. 

When the Earth comes to F, the Moon i in con- 
junction with the Sun E is not at &, in a Plane coin- 
cident with the Ecliptic, but above it at I in the 
higheſt part of her Orbit: and then the point þ of, 
her ſhadow O, goes far above the Earth (as in 
Fig. II. which is doe view of Fig. I.) The 

Fig, I. nd Moon at her next oppoſition is not at o (Fig. I.) 
wy but ar V, where the Earth's ſhadow goes far above 
her (as in Fig. II.) In both theſe caſes the line of | 
the Nodes VFA (Fig. I) is about go degrees from | 
the Sun, and both Luminaries are as far as poſſible 
from the limits of Eclipſes. 

When the Earth has gone half ound the Eclip- 
tic from E to G, the line of the Nodes YG X is 
RY „ if not exactly, directed towards the Sun at 
Z; and then the new Moon / caſts her ſhadow P 
on the Earth G; and the Full Moon p goes through 
the Earth's ſhadow L; which brings on aer en 
again, as when the Earth was at E. 

When the Farth comes to H, the New Moon 

falls not at m in a plane coincident with the Ecliptic 

CD, but at in her Orbit below eit: and then 

her ſhadow Q. (ſee Fig. II.) goes far below the 

Earth. At the next Full ſhe is not at 9 (Fig. I) 

but ar I in her Orbit 54 degrees above g, and at 

her greateſt height above the Eeliptic C; being 
tken as far as poſſible, at any oppoſition, from the 

4! | Earth's ſhadow M (as in Fig. II.). 

= . So, when the Earth is at E and G, the Moon is 

i about her Nodes at New and Full; and in her 

= greateſt North and South" Declination (or Latitude as 

« It is generally called) from the Ecliptic at her 

Quarters: but when the Earth is at For H, the 
| | | Moon is in her greateſt North and South Declination 
#$ from the Ecliptic at New and Full, and in the 
= Nodes about her Quarters. . 


FR? = 
_ * * 5 Y * » 
2 * Tn s _ a 3 = 
us n 1 — en ous 
ECD PP RT TT DD ne oor GY ö 


- 
GS 
COT I 
— 


„7„»Mu . , , ⁰qͥ..: n.. vy 8 


318. The 


Of Eclipſe. - 235 
315. T he point X where the Moon's Orbit PLATE x. 


croſſes the Ecliptic is called he aſcending Node, be- Jeans N 
cauſe the Moon aſcends from it above the Ecliptic : anddeſcend» 


and the oppoſite point of interſection “ is called he TO 


deſcending Node, becauſe the Moon deſcends from it 


below the Ecliptic. When the Moon is at 7 in HerNorth 
and South 


the higheſt point of her Orbit, ſhe is in her greateſt Latitude, 
North Latitude; and when ſhe is at in the loweſt | 


point of her Orbit, ſhe Ið in . South La- 
litude. 


319. If the line of the Nodes, like the Earth's The Nodes 
Axis, was carried parallel to itſelf round the Sun, 8 
there would be juſt half a year between the con- motion. 
junctions of the Sun and Nodes. But the Nodes 

ſhift backward, or contrary to the Earth's annual 
motion, 19 x degrees every year; and therefore the Fig. I. 
ſame Node comes round to the Sun 19 days ſooner 

every year than on the year before. Conſequently, 

from the time that the aſcending Node X (when 

the Earth is at E) paſſes by the Sun as ſeen from 

the Earth, 1t is only 173 days (not half a year) 

till the deſcending Node / — by him. There- 

fore, in whatever time of the year we have Eclipſes which 

of the Luminaries about either Node, we may be 1 
ſure that in 173 days afterward we ſhall have ſooner every 
Eclipſes about the other Node. And when at any nen than | 
time of the year the line of the Nodes is in the be if the 
ſituation /G A, at the ſame time next year it will weer had 
be in the ſituation 16; the aſcending Node hav- motion. ' 
ing gone backward, that is, contrary to the order 


of Signs, from & to 3, and the deſcending Node 


from / to r; each 194 degrees. At this rate the 


Nodes ſhift through all the ſigns and degrees of 
the Ecliptic in 18 years and 225 days; in which 
time there would always be a regul; r period of 


Eclipſes, if any compleat number o Lunations 


were finiſhed. without a fraction. But this never 
happens; for if both the Sun and Moon ſhould 
ſtart from a line of conjunction with either of the 
Nodes in any point of the Eclipric, the Sun would 

. 
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perform 18 annual - revolutions and 222 degrees 
over and above, and the Moon 230 Lunations and 
85 degrees of the 231ſt, by the time the Node 


came round to the ſame point of the, Ecliptic 


again: ſo that the Sun would then be 138 degrees 

from the Node, and the Moon 8 5 degrees from 
the: Suh. 

320. But, ih 223 mean 8 after the 


Sun, Moon, and Nodes, have been once in a line 


of conjunction, they return ſo nearly to the ſame 
ſtate again, as that the ſame Node, which was in 
conjunction with the Sun and Moon at the begin- 
ning of the firſt of theſe Lunations, will be within 
28” 12” of a degree of a line of conjunction with 
the Sun and Moon again, when the laſt of theſe 
Lunations | is compleated. And therefore, in that 
time, there will be a regular period of Eclipſes, 
or return of the ſame Eclipſe, for many ages.—la 
this period (which was firſt diſcovered by the 
Chaldeans) there are 18 Julian years 11 days 7 
hours 43 minutes 20 ſeconds, when the laſt day 
of February in Leap. years is four times included: 
but when it is fiye times included, the period con- 
liſts of only 18 years 10 days 7 hours 43 minutes 
20 ſeconds. Conſequently, if to the mean time 


of any, Ecliple, 55 of the un or. Moon,, you 


add 18 Julian ear ys 7 hours 4.3 minutes 20 
frog when llt 1 ay of February in Leap- 


years, e in fort times, or a day leſs when it 


comes in five Hg Lade K. Will have che mean ine 
of the return of the fame Eclipſe s 
But I nets beck, of the line of conjund ions 
Sun and Moon, 28% 5 " with 

reſpect. to the, lin WS the Nodes. in every period, 
will wear it gut in Fees of time; and after that, 


it will not return again in leſs than 12492 years.— 
Theſe Eclipſes of the Sun, which bappen about 


the Aſcending Node, and begin to come in at the 


North Pole of the Earth, will go a little ſoutherly 


at each return, till they go quite off the Earth at 
| the 
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the South Pole; and thoſe which happen about 


the deſcending Node, and begin to come in at 
the South Pole of the Earth, will go a little nor- 
therly at each return, till at laſt they quite leave 
the Earth at the North Pole. 

To exemplity this matter, we ſhall firſt conſider 


the Sun's Eclipſe, March 21ſt Old Stile (April iſt 


New Stile) A. D. 1764, according to its mean 
revolutions, without equating the times, or the 
Sun's diſtance from the Node; and then according 
to its true equated times. 


This Eclipſe fell in the open ſpace at each 


return, quite clear of the Earth, ever ſince the 
creation till A. D. 1295, June 13th Old Stile, at 
12 h. 52 m. 59 ſec. poſt meridiem, St the Moon's 
ſhadow firſt touched the Earth at the North Pole; 
the Sun being then 1748“ 27” from the Aſcend- 


ing Node. In each period ſince that time, the 


Sun has come 28“ 12“ nearer and nearer the ſame 
Node, and the Moon's ſhadow has therefore gone 
more and more ſoutherly.—In the year 1962, July 
18th Old Stile, at 10 h. 36 m. 21 ſec. P. in. when , 
the ſame Eclipſe will have returned 38 times, the 

Sun will be only 24 45” from the Aſcending 

Node, and the center of the Moon's ſhadow. will 
fall a little, northward of the Earth's center, At 
the end of the next following period, A. D. 1980, 
July 28th Old Stile, at 18 h. 1 m. 41 ſec. P. Ms 
the Sun will have feceded back 3“ 27” from the 
Aſcending Node, and the Moon will have a very 
ſmall degree of ſouthern Latitude, which will cauſe 
the center of her ſhadow to paſs a very ſmall matter 


hate of 


fe, 2 5 4 


ſouth of the Earth's center. —Afrer which, in. 


every following period, the, Sun will, be 28 1 

farther back fog rom the Aſcending Node thats? in 
the period laft before; and the Moon's ſhadow will 
go ſtill farther and farther ſouthward, until Sep- 


tember 12th Old Stile, at 23 h. 46 m. 22 ſec. p. m. 


A. D. 2665; when the Eclipſe will have com- 


pleated its 77th periodical return, and will go 
8 quite 
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quite off the Earth at the South Pole (the Sun 


being then 17* 55" 22” back from the Node) and 
it cannot come in at the North Pole, fo as to begin 


the ſame Courſe over again, in leſs than 12492 


years afterward. And ſuch will be the caſe of 
every other Eclipſe of the Sun: for as there is 
about 18 degrees on each fide of the Node within 


which there is a poſlibility of Eclipſes, their whole 


revolution goes through 36 degrees about that 
Node, which, taken from 360 degrees, leaves re- 
maining 324 degrees for the Eclipſes to travel in 
expanſum. And as this 36 degrees is not gone 
through in leſs than 77 periods, which takes up 
1388 years, the remaining 324 degrees cannot be 
ſo gone through in leſs than 12492 years, For, 
as 36 is to 1288, ſo is 324 to 12492. 


321. In order to ſhew both the mean and true 
times of the returns of this Eclipſe, through all its 


periods, together with the mean Anomalies of the 


Sun and Moon, at each return, and the mean and 


true diſtances of the Sun from the Moon's Aſcend- 
ing Node, and the Moon's true Latitude at the 
true time of each New Moon, I have calculated 


the following Tables for the ſake of thoſe who may 


chooſe to project this Eclipſe at any of its returns, 
according to the rules laid down in the 15th 


Chapter, and have thereby taken by much the 4 
greateſt part of the trouble off their hands.—All 


the times are according to the Old Stile, for the 
ſake of a regularity which, with reſpect to the 
nominal days of the Months, does not take place 
in the New: but by adding the days difference of 
Stile, they are reduced to the times which agree 


| with the New Stile. 


According to the mean (or ſuppoſed equable) 
motions of the Sun, Moon, and Nodes, the Mcon's 
ſhadow in this Eclipſe would have firſt touched the 
Earth at the North Pole, on the 13th of June, 
A. D. 1295, at 12 h. 52 m. 59 ſec. paſt Noon on 


the Meridian of London; and would quite leave * 
Eart 
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Earth at the South Pole, on the 12th of September, 


A. D. 2665, at 2g h. 46 m. 22 ſec. paſt Noon, at 
the completion of its 77th period; as ſhewn. by 
the firſt and ſecond Tables. „ 
But, on account of the true (or unequable) mo- 


tions of the Sun, Moon, and Nodes, the firſt 


coming: in of this Eclipſe, at the North Pole of the 
Earth, was on the 24th of June, A. D. 1313, at 
3 h. 57 m. 3 ſec. paſt Noon; and it will finally 
5 the Earth at the South Pole, on the gift of 


05 A. D. 2593, at 10 h. 25 m. 31 ſec. paſt 


Noon, at the completion of its 72d period; as 
ſhewn by the third and fourth Tables. — So that 
the true motions do not only alter the true times 
from the mean, but they alſo cut off five periods 
from thoſe of the mean returns of this Eclipſe. 
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Ir. ABLET The mean T; ime of New Mod, wah — mean "PROT of the} 
Suan and Moon, and the Sun's mean Diſtance from the Moon's Ascending 
Node, at the mean Time of each periodical Return of the Sun's Eclipſe, | 
March 21, 1764, from its firſt coming upon the Earth fence the Creation, | 
till it falls right againſt the Earth's center, according to the Old Stile. f 
* N <| Mean 1 ime of | Sun's mean |Vioon's mean dend mean Di. | | 
2 2 22 New Moon. Anomaly. Anomaly. | from the Node, 
% eee | — —2E—— — —_ 8 
2 4} s. e %o 5 
—— — — — | 8 3 
0 127% lane 2 5 9 39/11 17 57 41] 1 26 31 421 © 18 16 40 | 
t [i2g5}ſune 13 12 52 591 28 27 38] 1 23 40 19| 0 17 48 27 
2 1313 une 23 20 36 190 8 57 35 1 20 48 50 0 17 20 15 
3 1331Uulyp 5 4 19 30 © 19 27 32/1 17 57 35] 0 16 52 2 
4 1340 laly 15 12 2 59] © 29 57 20] 1 15 6 10 0 16 23 50 
5 [1;67}july 26 19 49 19 1 10 27 25] 1 12 14 47] © 15 55 37 
6 138; aug. 6 3 29 39 1 20 57 23] 1 9 23 24| © 15 27 25 
7 [1403][Aug. 17 11 12 59] 2 1 27 20] 1 6 32 10 14 59 Pr? 
| 8 [1423]Aug. 27 18 56 19 2 11 57 17] 1 3 49:38] o 14 31 0 
i 9 [1435g]>ept. 8 2 39 39 2 22 27 i4| 1 © 49 15] o 14 2 47 
k 10 1457 Sept. 18 10 2 59 3 2 57 11] o 27 57 52] © 13 34 35 
1 ix 47 c Pept. 29 18 6 19] 3 13 27 8] o 25 © 29 0 13 6 22 
þ tz 11493497 10 1.49 39] 3 23 57 5] o 22 15 6 o 12 38 10 
4 13 15104. 28 9 32 59] 4 4 27 200 19 23 43/0 12 957 
; I4 [1529]. 31 17 16 19] 4 14 56 59 0 16 32 20 0 11 41 45 
F is 154% Nov. 12 © 59 49] 4 25 26 56} o 13 40 57] o 21 13 32 
| 16 1565 Nor. 22 8 43 of 5 5 56 53] 0 10 49 34/0 10 45 20 
I 17 [158;}Dec. 3 16 26 20 5 16 26 50% o 7 58 c| o 10 17 7 
8 18 oi Dec. 14 © 9 40 5 26 56 470 5 6 48] o 9 48 55 
; 19 1619]Dec. 25 7 54 6 7 26 44] o 2 15 250 9 20 42 
. 20 1638 lan. 4 15 36 20] 6 17 56 %% 29 24 2] c 8 52 3c 
| 21 [itg6j}Jan. 15 23 19 49 6 28 26 38|11 26 32 39] o 8 24 17 
Þ 22 |10674|Jan. 26 7 3 07 8 56 351 23 41 14} © 7 56 5 
L 23 |:6gz]tfeb. 6 14 46 20] 7 19 26 321 20 49 53f o 7 27 52 
F 24 |1710|feb, 16 22 29 40] 7 29 56 29/11 17 58 3c} 0 6 59 4c 
F 2c [17 28jfed. 28 6 13 of $ 10 26 26fir 1 7 710 6 31 27 
ö 26 [174 Mar. 10 13 56 20 8 20 56 23/11 12 15 4440 6 3 15 
27 176 [Mar. 20 21 39 4ol 9 1 26 20 9 24 21] © 3s 15 3 
| 28 [1;78-j]Apr. 1 5 23 c|9 1156 1½½ 6 32 55fo 5 650 
1 29 [180c|\pr. 11 13 6 2c] 9 22 26 14|lt 3 41 350 4 38 37 
4 } 30 [1818|Apr. 22 20 49 400% 2 56 11 © 50 12Þo 4 10 25 
4 31 836 May 3 4 33 % 13 26 810 27 58 4g} 0 3 42 12 
1 32 [1854 [My 14 12 16 20/10 23 56 5% 0 25 7 26] © 3 14 © 
q 33 187 [May 24 19 59 401 4 26 2|lo 22 16 3/0 2 45 47 
4 34 1890 [[une 5 3 43 1 14 55 59/0 19 24 4000 2 17 35 
1 35 1908 [une 15 11 25 20/11 25 25 56/10 16 33 175] © 1 49 22 
r 4 36 [1925[June 26 19 9 40] 0 5 55 530 13 41 540 1 21 10 
3 37 9 July 7 2 53 / © 16 25 50/0 10 50 3il o o 52 57] 
[ 28 96 aly A0 16 210 26 x55 io 7 89 80 o 24 47 
. | TABLE 
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TAB E il. The me Fam 37 N:w Moon avith tht mean Anomalies of the Sun 
i 1nd Moon und the Sun's mean Diftaict from the Mont Ajtending Node, at the 
| mean Time of each periodical Return of the Sun's Eclipſe, March 21ff, 1764. 
from tht mean Time of its falling right againſt the Farth's Center, till it finally 
| haves the Earth according to the Tulian or Old iI. 
{zo of ; Mean Trme of | Sud's m<an | Moon's mean {Sun's mean Pitt. 
2 8 22A New Moon, . Anomaly, | Anomaly. from the Node, 
”£4* Month. DIH. MS. 0 EE Poet OF s ie ©; 
r Lot EL ER) Ee Ef, + — F r 
39 [1980}July 28 18 19 41 45 7 25 44/10 5 7 45]11 29 56 33 
40 [1998] Ang, 9 2 3 1 1 17 55 41110 2 16 2211 29 28 20 
41 [z016 Aug. 19 9 46 21] 1 28 25 33] 29 24 5929 © 8 
42 2034}Aug, 30 I7 29 41] 2 8 55 39] 9 26 33 3611 28 31 55 
43 1225” Sept. 10 113 1 2 19 25 33] 9 23 42 131 28 3 43 
44 ſ2070|Sept, 21 8 56 21| 2 29 55 32| 9:29 50 5011 27 35 30 
4; 088 Oc. t 16 39 41| 3 10 25 27].9 17 59 27111 27 7 18 
46 21060[Oct. 13 © 23 1| 3 20 5; 24} 9 15 8 4/11 26 39 5 
{ 47 [2124jOR. 23 8 6 21| 4 1 25 21j 9 12 16 4/11 26 10 53 
48 [2142 [Nov. 3 15 49 41| 4 It 55 1809 9 251811 25 42 40 
492160 [Nov. 13 23 31 1 4 22 25, 15] 9 6 33 5611 25 14 28 
50 2178 Nov. 25 7 16 216 5 2 55 12 9 3 42 3311 24 45 16 
51 2196 Dec. 5 14 59 41} 5 13 25 9 % 05% 101 24 18 3 
52 2214 Dec. 16 22 43 1 5 23 55. 78 27 59 4711 23 49 5 
53 2232 Dec. 27 6 26 2106 4 25 4] 8 25 8 24/1 23 21 38 
54 225 10J[an. 7 14 9 41 6 14 55 [8 22 17 1/11 22 53 25 
56 2269 Jan. 17 21 53 1 6 25 24 58 8 19 25 3811 22 15 13 
56 2287 Jan. 29 5 36 216 7, 5 54 55] 8 16 31151 21 57 o 
57 [2305 Feb. 8 13 19 41] 7 164 52] 8 13 42 52114 21 28 48 
58 [2323 Feb. 19 21 3 7 26 54 29 8 10 F1 f 21 O 35 
rg 2341 Mar. 2 4 46 21} 8 7 24 46] 8 8 © 6/11 20 32 23 
60 2359 Mar. 13 12 29 42] 8 17 54 43 8 5 8 4311 20 4 10 
612377 Mar. 23 20 13 2 8 28 24 40 8 2 17 2911 19 35 58 
bz 239 Apr. 4 3 56 229 8 54 37] 7 29 25 57 7 45 
63 24730 Apr. 14 11 30 42] 9 19.24 34| 7 26 34 3411 18 39 33 
64 [243+] Apr. 25 19 23 2 9 20 54 31] 7 2343 1 15 11 20 
65 [2449 May 6 3 6 2210 10 24 280 7 20 61 48111 17 43 8 
66 2467 May 17 10 49 42110 20 54 25 7 18 2511 17 14 54 
67 2485 May y 18 33 2811 '1 24 2:| 7 15 9 2/16 46 43 
68 [2;03| June 8 2 16 22 T1 11 54 19 7 12 17 3911 16 13 31 
| 6g [2521 | June 18 9 5944211 22" 24 19]'7 92661 15 50 18 
70 [2539] June” 20 17 43 2|o 2 54 14 7 634 53(11 15 22 6 
71 42557 [July 10 1 26 22 © 13 24 7 3 43 301 14 53 54 
72 2575 July 21 9 9 42 % 23 54 80 7 0 52 711 14 25 41 
73 [2393|Joly” 3 76 51 2] 1 4% '5| 2 47 ff 13 57 28 
74 [2611] Aug, 12 © 39 22] 1 14 54 #216 es 9 2#14' 13 29 16 
75 [2629 Aug. 22 8 19 42þ 1 25 23 59 6 22 17 58111 13 1 3 
76 [2647 | Sept. 2 16 3 2| 2 5 53 56} 6 19 26 35 4 32 51 
77 2665 Sept. 12 23 46-221 2 16 23 93] 616 35 12 12 4 28 
R TABLE 
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ABLE III. The true Time of New Moon, avith the Sun's true Diftanc 
from the Moon's Aſcending Node, and the Moon's true Latitude, at the tru 
Time of each periodical Return of the Sun's Eclipſe, March 21ft, Old Stil, 
A. D. 1764, from the Time of its firſt coming upon the Earth fince'tht 
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Creation till it falls right againſt the Earth's Center. | | 
= Pl .<| True Time of Pun'strue Diſtance Moon's true Latitude, 
8 8. 72 New Moon. | from the Node. North. 
2. 8 a | — — — 
E = | 58. Month. D. H. M. S. 8 LW 7 V 
o 1295 June 13 21 54 32 0 18 40 54] 1 33 45 N. A. 
1 1313 June 24 3 57 30 17 20 221 29. 34 N. A. | 
2 ]133i]July 5 10 42 8] o 16 29 35 1 25 20 N. A. 
3 1349 [laly 15 17 14 15] © 15 34 18 1 20 45 N. A. 
4 136/ July 26 23 49 24] 0 14 46 81 16 39 N. A. 
5 1385 Aug. 6 6 41 17] © 13 59 431 12 43 N. A. 
5 1403 Aug. 17 13 32 19 0. 13 16 441 9 3 N. A. 
5 7 [1421] Aug. 27 20 30 17] 12 37 41 5 42 N. A. 
| 1439] Sept, 8 351 46] o 12 1 54 1 2 41 N. A. 
9 |.1457|Sept. 18 10 23 110 11 30 27] 0 58 53 N. A. 
10 |1475]Sept. 29 197 57 7 0 11 3 56] „ 
11 [1493}Ott. 10 1 44 30 10 41 550 © 55 49 N. A. 
12 [5 11][Oct. 21 9 29 530 10 25 11 | o 54 28 N. A. 
13 1529 O&K. 31 17. 9 1810 10 11 271 83 12 N. A. 
14 1547 Nov. 12 o 51 25 o 10 1 100 52 19 N. A. 
| is 1565 Nov. 22 8 54 560 9 52 49 O 51 46 N. A. 
16.|1583|Dec. 3 16 48 17% 9 18 40 51 11 N. 4. 
17 1601 Dec. 14 O 51 50 9 43 42} o 50 49 N. A. 
18 1619 Dec. 25 8 54 59] © 9 40 23] o 50 31 N. A. 
19 1638 Jan. 1 o 50 3 N. A. 
20 1656 Jan. 16 o 54 410 9 29 2440 49 57 N. A. 
21 1674] lan. 26 8 48 2440 9 19 44] o 48 44 N. A. 
22 1692 Feb. 6 16 36 288 0 9 8 580 47 49 N. A. 
23 1710 [Feb. 17 o, 8 37| © 8 54 20] 0 46 44 N. A. 
24 |1728|Feb, 28 7 45 400 8 34 53]o 44 52 N. 4. 
25 1746 Mar. 10 15 14 33130 8 10 38] o 42 46 N. A. 
26 1764] Mar. zo 22 30 260 7 42 1410 40 18 N. A. 
27 1782 Apr. 1 5 37 40 27 9 27] 0 37 28 N. 4. 
28 1800 Apr. 11 12 36 380 6 35 300 34 31. Ne A. 
29 [18180 Apr. 22 19 27 344%%ſů 5 51 48] © 30 43 N. 4. 
30 18360 May 3 2 12 70. 5 5 50 26 40. N. A. 
31 1864] May 14 8 50 4000 4 1% 450 22 42 N. A. 
32 18% May 24 15 28 15] 3 26 30 18 1 N. A. 
33 1890 June 4 22 8 of 2 35 50. 13 34 N. A. 
34 1908 June 15 4 38 230 1 4 43 8 54 N. A. 
35 19261 Jane 26 11 13 50 o 47 3800 4 io N. A. 
I On account of the differences between the mean and true New Moon 
and between the Sun's mean and true diſtances from the Node, the Moon: 
badow falls even with the Earth's center two periods ſooner in this Tab 
than in the firſt, | | | 
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7 ITABLE IV. The true Time of New Moon, with the Sar's true Diftance | 
; from the Moon's Aſcending Node and the Moon's true Latitude at each perio- 
by dical Return of the Sun's Eclipſe, March 2 1½, Old Stile, A. D. 1764. from | 
1h, | its falling right againſt the Earth's Center, till it finally leaves the Earth. | 
| ln'®]  <| True Time of |Sun'strue Diſtance | Moon's true Latitude 
7 [2 8 7 8 New Moon. | fromthe Node. & South, | 
2 5 4 5 Month. D. H. M. S. 5 3 + South. 
"7; | 36 [1944|July 6 17 50 3511 29 55 28 o 24 8. A. 
37 |1962]July 18 o 31 3811 29 2 35 5 2 S. A, 
38 1980 July 28 7 18 5311 28 11 32 9 29 8. A. 


40 2016 Aug. 18 21 14 53111 26 4 16 
41 2034 Aug. 30 4 25 4511 25 2 o 
42 205 2 [Sept. 9 11 45 17]11 25 26 46 
43 [zoo] Sept. 20 19 17 26011 24 55 4 
44 [2088] Ot. 1 2 57 811 24 27 43 
| 45 j2106]Oft. 12 10 47 39|it 24 4 33}, 
| 40 12124|Oft. 22 18 37 4o[14 23 48. 28 
| | 47 [2142|Nov. 3 2 56 19]11 23 35, 110 
| | 48 [2160 Nov. 13 11 11 20j11 23 22 22 
49 2178 Nov. 24 19 36 1411 23 18 57 
50 [2196] Dec. 5 4 4 911 23 14 40 
51 2214| Dec: 16 12 35 48]11 23 10 43 
52 [2232 Dec. 26 20 29 911 23 6 47 
53 [2251]Jan. 7 5 42 9/˙ 23 4 27 


1 ol 
| 39 19980 Aug. 8 14 12 22[11 27 26 41 
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\ | | 54 [2259] Jan. 17 14 14 8/1 23 O 41 36 35 8. A 

J. 155 [2287[laun. 28 22 43 34] 22 53 581 O 37 10 S. A. 
4. 56 [2305 Feb. 8 7 8 30011 22 44 44 37 59 S. A. 
a | 57 |2323|Feb. 19 15 7 10|11 22 31 1 0: 39 8 S. A. 
a. 58 [2341]Mar. 2 0,6 511 22 17 46 20 28 S. A, 
I, 59 2359 Mar. 13 7 59 17111 21 $5 29 42 9 8. A. 
4. | © 2377 Mar. 23 15 51 59 21 39 40] © 43 41 8. A. 
3. En [2395] Apr. 3 23 45 7 21 „ 63 o 45 58 8. A. 
A. 6 2413 Apr, 14 7 32 4011 20 26 22 49 48 8. A. 
A, 63. [2431] Apr. 25-15 12 571 19 47 34 53 17 8. A 

A, | ©4 [2449] May 5 22 45 14]11 ig 6 22 56 50 S, A, 
A 65 12467|May 17 6 17 3oſit 18 21 16 o 40 S. A, 
. | £6 [2485] May 27 13 46 29] 7 34 20 11 4 42 8. A. 
a 67 [25030 June 7 21 10 31[11 16 43 17 5 3 % & 
. 68 [252 1/lune 18 4 24 42 ir 15 51 48] 1 13 26 8. A. 
A 69 [2539] June 29 11 58 4611 15 1 12 17 i S. A, 
a. 7e j=2557|July 9 19 24 7j11 14 9 13 22 8. 
A. | 171 [2575 55 21 2 52 34/11 13 19 22 26 16 S. A. 
A, 72 [2593/July 31 10 25 3101 12 13 43] 1 31 44 8. A. 
= | ©. [2011] Aug. 11 17 58 3911 11 45 131 36 13 8. A. 
4 By the true Motions of the Sun, Moon, and Nodes, this Eclipſe goes 


abe off the Earth four Periods ſooner than it would have been done by mean 
| equable Motions. | a | | 


8 — 


— 
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From-Mr. c To illuſtrate this a little farther, we mall exa-· 

„ 3 t“ mine ſome of the moſt remarkable circumſtances 
. en Ecliples, cc of the returns of the Eclipſe which happened 
1 2 * July 14, 1748, about noon. This Eclipſe, after 
1 <« traverſing the voids of f pace from the Creation, 

2:45 © at laſt began to enter the Terra Auſtralis Incog- 

& ita, about 88 years after the Conqueſt, which 
« was the laſt of King STzparn's reign; every 
te Chaldean * period it has crept more northerly, 
c but was ſtill inviſible in Britain before the year 
« 1622 ; when on the zoth of April it began to 
« touch the ſouth parts of Erg/and about 2 in the 
cc afternoon ; its central appearance riſing in the 
« American South Seas, and traverſing Peru and 
«© the Amazon's country, through the Atlantic ocean 
« into Africa, and ſetting in the Ethiopian conti- 
< nent, not far from the beginning of the Red Sea. 
Its next viſible period was after three CHaldean 
ec revglutions i in 1676, on the firſt of June riſing 
« central in the Atlantic ocean, paſſing us about 
* 9. in the morning, with four + Digits eclipſed on 
CC 
6c 


© the under limb; and ſetting in the gulph of 
© Cochinching in the Eaft-Tudies. 

It being now. near the Solſtice, this Eclipſe 
ec was vilible the very next return in 1694, in the 
« evening; and in two periods more, which was 
<« in 1730, on the 4th of July, was ſeen above half 
te eclipſed juſt after Sun- riſe, and obſerved both 
« at Wirtemberg in Germany, and Pekin in China, 
c ſoon after which it went off. 
4 «© Eighteen years more Aae us the Eclipſe 
de which fell on the 14th of July 1748. 
The next viſible return will happen on July 
e 95, 1766, in the evening, about four Digits 
1 T upd 5 and after two 1 more, on Auguſt 


- The above ed of 18 years 11 days, 7 hours 43 Windtel 
20 ſeconds, Which was found out by the Chhaldeaus, and by | 

| _ called Saros, 
+ A Digit is a twelfth part of the diameter of the Sun or il 

] 55 Moon. | { 
ee Bene” IRA | 2 cc 16th 


Of Eclipſes. 


0 10110 1802, early in the morning, about five 
cc Digits, the center coming from the north frozen 
« continent, by the capes of Norway, through 
«Tartary, China, and Japan, to the Ladrone 
te iſlands, where it goes off. : | 

e Again, in 1820, Auguſt 26, betwixt one and 
« two there will be wen, great Eclipſe at London, 
« about 10 Digits; but happening fo near the 


% Equinox, the center will leave every part of 


« Britain to the Welt, and enter Germany at Emb- 
den, paſſing by Venice, aples, Grand Cairo, and 
« ſet in the gulph of Baſſora near that city. 
lt will be no more viſible till 1874, when five 
« Digits will be obfcured (the center being now 


« about to leave the Earth) on September 28, In 
« 1892: the Sun will go down eclipſed at London, 


e and again in 1928 the pailage of the center will 
7 be in the 2xpan/um, though there will be two 
« Digits eclipſcd at London, O#ober the 3 iſt of 
« that year; and about the year 2090 the whole 
“% Penumbra will be wore off; whence no more 
returns of this Eclipſe can happen till after a re- 
* volution of 10 thouſand years. 

« From theſe remarks on the 1ntire revolution 


« of this Eclipſe, we may gather, that a thouſand. 


6 years, more or leſs (for there are fome irregula- 
te rities that may protract or lengthen this period 


« 100 years) complete the whole terreſtrial Phe- 


© nomena of any ſingle Eclipſe: and ſince 20 pe- 
ec riods of 54 years each, and about 33 days, com- 
8 prehend the entire extent of their revolution, It 
« ig evident that rhe times of the returns will paſs 
ee through a circuit of one year and ren months, 


« every Chaldean period being ten or eleven days 


ce later, and of the equable appearances about 32 
« or 33 days. Thus, though this Eclipſe happens 


© about the middle of Juby, no other ſubſequent 


« Eclipſe of this period will return to the middle 


of the ſame month again; but wear, conſtantly 


8 each period 10 or 11 days forward; and at laſt 
R 3 „„ 05 Sonny 
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Why our 
preſent Ta- 


| bles agree 


aot with 
ancient ob- 
ſervations. 


of Edlipſes: 


"ear | in Winter, but then it begins to ceafy 


from affecting us. 


c Another concluſion from this ad may 


be drawn, that there will ſeldom be any more 


than two great Eclipſes of the Sun in the interva} 


of this period, and theſe follow ſometimes next 
return, and often at greater diſtances. That of 
1715 returned again in 1733 very great; but 


this preſent Eclipſe will not be great till the 


arrival of 1820, which is a revolution of four 


Cbaldean periods; ſo that the irregularities of 
their circuits muſt underga new computations 


to aſſign them exactly, 
« Nor do all Eclipſes come in at the ſouth Pole: 


that. depends altogether on the poſition of the 


lunar Nodes, which will bring in as many from 
the expanſum one way as the other: and ſuch 
Eclipſes will wear more ſoutherly by degrees, 


contrary to what happens in the preſent caſe. 


„ The Eclipſe, for example, of 1736, in Sep- 


tember, had its center in the expanſum, and jet 


about the middle of its obſcurity in Britain; it 


will wear in at the north Pole, and in the year 


2600, or thereabouts, go off 1 in the expanſum on 


the ſouth ſide of the Earth. 


«© The Eclipſes therefore which happened about 


the Creation are little more than half waz yet 


of their ethereal circuit; and will be 4000 years 
before they enter the Earth any more. This 
grand revolution {ſeems to have been entirely 
unknown to the ancients, 


322. © It is particularly to be noted, that Eclipſes | 


which have happened many centuries ago, will 
not be found by our preſent Tables to agree ex- 


actly with ancient obſervations, by reaſon of the 


great Anomalies in the lunar 'motions; which 
appears an inconteſtable demonſtration of the 
non- eternity of the Univerſe. For it ſeems con- 


firmed by undeniable proofs, that the Moon now | 


finiſhes her period in leſs time 7 than formerly, 
c and 


Sm «an = ko Aa aq; A _ ©. med: A'S aa es tc. 
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te and will continue by the centripetal law to ap- 


« proach nearer and nearer the Earth, and to go 
te ſooner and ſooner round it: nor will the centri- 


« fugal power be ſufficient to compenſate the dif- 


ce ferent gravitations of ſuch an aſſemblage of bo- 
« dies as conſtitute the ſolar ſyſtem, which would 
« come to ruin of itfelf, without ſome new regula- 
te tion and adjuſtment of their original motions “. 


323. © We are credibly informed from the teſti- ratz“ 


chpie. 


te mony of the ancients, that there was a total 
* Eclipſe of the Sun predicted by TraLEs to hap- 
« pen in the fourth year of the 48th + Olympiad, 

a . +4 2 | cc either 


There are 3 ancient Eclipſes of the Moon, recorded by 


Ptolemy from Hipparchus, which afford an undeniable proof of 


the Moon's acceleration. The firſt of theſe was obſerved at Ba- 
bylon, December the 22d, in the year before CRIST 383: when 
the Moon began to be eclipſed about half an hour before the 
Sun roſe, and the Eclipſe was not over before the Moon ſet: 


but by moſt of our Aſtronomical Tables, the Moon was ſet at 
Babylon half an hour before the Eclipſe began; in which caſe, 


there could have been no poſſibility of obſerving it. The ſe- 
cond Eclipſe was obſerved at Alexandria, September the 22d, the 
year before Ou k 1s T 201; where the Moon roſe ſo much eclipſ- 
ed, that the Eclipſe muſt have begun about half an hour before 
ſhe roſe: whereas, by moſt of our Tables, the beginning of 
this Eclipſe was not till about ten minutes after the Moon roſe 
at Alexandria, Had theſe Edlipſes begun and ended while the 
Sun was below the Horizon, we might have imagined, that as 
the ancients had no certain way of meaſuring. time, they might 
have been ſo far miſtaken in the Hours, that we could not have 
laid any ſtreſs on the accounts given by them. But, as in the 
firſt Eclipſe tbe Moon was ſet, and conſequently the Sun riſen, 
before it was over; and in the ſecond Eclipſe the Sun was ſet 
and the Moon not riſen, till ſome time after it began: theſe are 
ſuch circumſtances as the obſervers could not poſſibly be miſtaken 
in. Mr, Struyk, in the following Catalogue, notwithſtanding 
the expreſs words of Ptolemy, puts down theſe two Eclipſes 
as obſerved at Athens; where they might have been ſeen as 
above, without any acceleration of the Moon's. motion: Athens 


being 20 degrees Welt of Babylon, and 7. degrees Welt of Alex- 


andria. | | | 
+ Each Olympiad began at the time of Fall Moon next after 
the Summer Solitice, and laſted four years, which were of un- 


equal lengths, becauſe the time of Full Moon differs 11 days 
every year: ſo that they might ſometimes begin on the next 
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245 wk Of Eclipſes. 


| ce | either at Sardis or Miletus in Alea, where TraLrs 
te then relided, That year correſponds to the 


« 85th year before Chriſt; when accordingly 
* there happened a very ſignal eclipſe of the Sun, 
© on the 28th of May, anſwering to the preſent 
© 1oth of that month *, central through North 
te America, the ſouth parts of France, Italy, &c. as 
ce far as Athens, or the Iſles in the Aigean Sea; 
dc which is the fartheſt that even the Caroline Tables 
& carry it; and conſequently make it inviſible to 
« any part of Aa, in the total character; though 
J have good reaſons to believe that it extended 
ee to Babylon, and went down central over that city, 


« We are not however to imagine, that it was ſet 
2 day after the Solſtice, and at other times not till four weeks 


aſter it. The fuſt Olympiad began in the year of the Julian Pe- 


3 or 775 be fore the year of his birth; and the laſt Qiympiad, which 
| 1px Fo » was the 293d vegan A. D. 303. At the expiration of each 
| == Mympiad, te Qiympic Games wee celebrated in the Elean ſields, 
7 near the river Alphcus in the Peloponneſus (now Morea) in honour 
6 47 jou 4 of Juri ER OLYMPUS. See DOTRAUCHILUS?'S Breviarium Chro- 
1 h aclogicum, p. 247.— 251. 1 i | | 

| Phe reader: may probably find it difficult to underſtand 
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4th year of the 48th Ohympiad, as it was only in the end of the 
third year: and, alſo why, the 28th of May, in the 585th year 
before CHRIST, ſhould anſwer to the preſent 10th of that month, 
But we hope the following explanation will remove theſe difficul · 
49 tes. | "+: | | 4 | by 1 
44 \ The month of May (when the Sun was eclipſed) in the 585th 
44 7 eA- year before the firit year of CHaIsT, which was a leap year, 


} 4 , 
1 
"3: 8 


- - as ” 
PET y 5 
ET 2 FS 


v1 | fell in the latter end of .the third year of the 48th Qlymprad ; 
T1 6 53 47. and the fourth year of that Ohmpiad began at the Summer 
| WP , Solſtice following; but perhaps Mr. SwzTH begins the years of 
1 the Olympiad from Faruary, in order to make them correſpond 


more readily with Julian Years; and ſo reckons. the month of 


_ Olympiad, + | | | 
The Place or Longitude of the Sun at that time was y 29* 
43% 1717, to which fame place the ſun returned (after 2300 
years, wiz.) A. D. 1716, on May 9d 5 6" after noon: ſo 
that, with reſpe& to the Sun's place, the gth of May, 1710, 
anſwers to the 28th of May in the 585th year before the firſt year 


May, when the Echpſe happened, to be in the fourth year of that 


of Curie; that, is, the Sun, had the ſame Longitude on both | 
: “ before 


thoſe days. | | 


Wen <7 x 
% 1 26. Ea Tiod 3938. Which was 776 years before the firſt year of Cur 1sT, 


why Mr. Sur ſhould reckon this Ecliple to have been in the 
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Of Eclipſes. 


& before it paſſed Sardis and the Afatic towns, 


« where the prediQor lived; becauſe an inviſible 
« Fclipſe could have been of no ſervice to demon- 
« ſtrate his ability in Aſtronomical Sciences to his 
&« countrymen, as it could give no proof of its 
cc reality. 


324. For a further illuſtration, THucypiDes raver- 
DIDEI'S 


Eclipſe, 


ce relates, that a ſolar Eclipſe happened on a Sum- 

« mer's day in the afternoon, in the firſt year of 
te the Peloponneſian war, ſo great, that the Stars ap- 
« peared. RHopfos was victor in the Olympic 
te games the fourth year of the ſaid war, being alſo 
« the fourth of the 87th Olympiad, on the 428th 
« year before CHRSt-r So that the Eclipſe muſt 
e have happened in the 43 iſt year before Carts, 
ee and by computation it appears, that on the 3d 
« of //nguſt there was a ſignal Eclipſe which would 
« have paſſed over Athens, central about 6 in the 
« evening, but which. our preſent Tables bring no 
ce farther than the ancient Syrtes on the African 


te coaſt, above 400 miles from Athens; which 


« ſuffering i in that caſe but 9 Digits, could by no 
* means exhibit the remarkable darkneſs recited 
et by this hiſtorian; the center therefore ſeems to 
te have paſſed. bens about 6 in the evening, and 
probably might ga down about Feru/alem, or 
ee near it, contrary to the conſtruction of the pre 

« ſent Tables. I have only obviated theſe wa 
« by. way of caution to the preſent, Aſtronomers, 
* in re-· computing ancient Echpſes and refer them 


* to examine the Eclipſe of Nicias, fo fatal so the 


« {thenian fleet“; that which overthrew the Ma- 
te cedonian Army f, &c.” So far Mr. SmitH. 


325. In any year, the number of Eclipſes of chan f. . 


Luminaries cannot be leſs than two, nor more than 
ſeven ; the moſt uſual number is four, and it is 
very rare to have more than fix. For the Sun 


palles by both the Nodes but once a * ualcls | 


«a Beſere CaerisT 413, Auguſt 27, 
I Betore Sunn 168, June 21. 
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he paſſes by one of them in the beginning of the 


year; and if he does, he will paſs by the ſame Node 
again a little before the year be finiſhed ; becauſe, 
as theſe points move 19 degrees backward every 
year, the Sun will come to either of them 173 days 
after the other, $ 319. And when either Node is 
within 17 degrees of the Sun at the time of New 
Moon, the Sun will be eclipſed. At the ſubſe- 
quent oppoſition, the Moon will be eclipſed i in the 
other Node; and come round to the next conjunc= 
tion again ere the former Node be 17 degrees paſt 
the Sun, and will therefore eclipſe him again, 
When three Eclipſes fall about either Node, the 
like number generally falls about the oppoſite; as 
the Sun comes to it in 173 days afterwards : and 
fix Lunations contain but four days more. Thus 
there may be two Eclipſes of the Sun and one of 


the Moon about each of her Nodes. But when the 


Moon changes in either of the Nodes, ſhe cannot 
be near enough the other Node at the next Full 
to be eclipſed ; and in ſix lunar months afterward 


the will change near the other Node: in theſe caſes 


there can be but two Eclipſes i in a year, and they 
are both of the Sun. 

326. A longer period than the above-mentioned, 
§ 320, for comparing and examining Eclipſes which 
happened at long intervals of time, is 557 years 21 
days 18 hours 30 minutes, 11 ſeconds, in which 
time there are 6890 mean Lunations: and the Sun 


and Node meet again fo nearly as to be but 11 ſe- 
 conds diſtant; but then it is not the ſame. Eclipſe | 


that returns, as in the ſhorter period above-men- 


tioned. 
327. We ſhall ſubjoin a catalogue of Eclipſes 


8 recorded in hiſtory, rom 721 years before ChRIST 


to A. D. 1485; of computed Eclipſes from 1485 
to 1700; and of all, the ir che viſible in Europe 
from 1700 to 1800. From the beginning of the 
Catalogue to A. D. 1485, the Echples e taken 


from STRUYK'S Introduction to unixer eograply, 
23 
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Of Eckoſes. 251 


as that indefatigable author has, with much labour, An account 
collected them from Ptolemy, Thucydides, Plutarch, loan, C. 
Calviſius, Xenophon, Diodorus Siculus, Fuſtin, Polybius, talogue of 
Titus Livius, Cicero, Lucanus, Theophanes, Dion sur 
Caſſius, and many others, From 148; to 1700 the 
Eclipſes are taken from Rricciolus's Almageſt : and 
from 1700 to 1800 from I Art de verifier les Dates. 
Thoſe from Struyk have all the places mentioned 
where they were obſerved : Thoſe from the French 
authors, viz. the religious Benedictines of the Con- 
gregation of St. Maur, are fitted to the Meridian of 
Paris: And concerning thoſe from Ricciolus, that 
author gives the following account: 

* Becauſe it is of great uſe for fixing the Cycles 

or Revolutions of Eclipſes, to have at hand, with- 
out the trouble of calculation, a liſt of ſucceſſive 
Eclipſes for many years, computed by authors of 
Epbemerides, although from Tables not perfect in 
all reſpects, I fall, for the benefit of Aſtronomers, 
give a ſummary collection of ſuch, The authors I 
extract from are, an anonymous one who publiſhed 
Ephemerides from 1484 to 1506 incluſive : Jacobus 
Ptlaumen and Jo, Steflerinus, to the Meridian of Ulm, 
from 1507 to 1534: Lucas Gauricus, to the Lati- 
tude of 45. degrees, from 1534 to 1551: Peter 
Appian, to the Meridian of Ley/ing, from 1538 to 
1578: Jo. Steflerus, to the Meridian of Tubing, 
from 1543 to 1554 ; Petrus Pitatus, to the Meri- 
dian of Venice, from 1544 to 1556: Georgius- Joa 
chimus Rheticus, for the year 1551: Nicholaus Simus, 
to the Meridian of Bologna, from 1552 to 1568: 
Michael Mæſtlin, to the Meridian of Tubing, from 
1557 to 1590: Fo. Stadius, to the Meridian of 
Antwerp, from 1554 to 1574: Jo. Antoninus Magi- 
zus, to the Meridian of Venice, from 1 58 1 to 1630: 
David Origan, to the Meridian of Franckfort' on the 
Oder, from 1595 to 1664 ; Andrew Argol, to the 
Meridian of Rome, from 1630 to 1700: Franciſcus 
Montebrunus, to the Meridian of Bologna, from 1461 

to 1660: Among which, Sadius, Meſtlin, and Ma- 
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Linus, uſed the Prutenic Tables; Origin the Prute. 


nic and ycbe nic; Montebrunus the Lauſbergian, a1 
likewiſe thoſe of Durat. Almoſt all the reſt the 
Alpbon/ine, 

But that the places may readily be known fot 
which the ſe Eclipſes were computed, and from what 
Tables, conſult the following Lift, in which the 
years anal. are alſo ſer down. 


From To 
14*5 1506 The place and author unknown, 


1507 1553 Um in Suabia, from the Alpbhonſine. 


1554 1576 Antwerp, from the Prulenic. 

1577 1585 Tubing, from the Prutenic. 

1586 1594 Venice, from the Prutenic. _ 

159; 1600 Franckfort on the Oder, from the Prutrie 
1601 1640 Franckfort on the Oder, from the Tychonc, 
1641 1660 Bologna, from the Lan/ber ian. 

1661 1700 Kone, from the Han worth 


So far Ri CCIOLUS., 


1 


N. B. The Eclipſes marked with an Aſteriſk ar 
not in Ricciouvs's Catalogue, but are n 
from L Art de verifier les Dates. 


From 52 beginning of the Catalogue: to A. D. 
1700, the time is reckoned from the noon of the 
day mentioned to the noon of the following day: 
but from 100 to 1800 the time is ſet down ac- 
cording to our common way of reckoning. . Thoſe 
marked Helin and Canton are Eclipſes from the 
Chineſe chronology according to 'STruyK ; and 
throughout the T 
and this Moon. 
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fe 8 — 
as | Bet. Bo iptes of the Sun = Migdle iFinth | 
10 Chr.] and Moon ſeen at |uc. 4 B. rt. M. 2 | 
721 | Babylon | : March 190 34 Total | 
or 720 þBabylon March it n 
at 720 Babylon Sept, 114% 18 5 4 
be | [621 | Babylon Apr. 21118 22] 2 36 
523 | Babylon | Þ | July 1602 47] 7 24 
522 | Babylon Nov. 1g]i2 21] 1 $2 


491 | Babylon April 25 12 124 1 44 
| 


U 
» 
D 
5 
U 
» 
* 
431 | Athens Sag 316 3611! © 
425 | Athens Doc. 9 6 45 Total 
424 Athens March 20[20 179 of 
413 | Athens D jug. 27]10. 15 Total | 
406 | Athens D Apr. 158 50 Total 
404 | Athens $*|Sept, 2 21 12] 8 40 
. 2 Aug, 285 5310 40 
16 394 Gnide | Aug. 13 Z22 17111 Ol 
ik 383 Athens 1 Dec. 22 . 
ity 382 [Athens Þ | June 18 © ca} © 15 
382 [Athens Y | Dec. 12fio 23] Total 
304 |Thebes [July 1223 51 6 10 
357 {Syracuſe 183} Feb, 2822 —| 3 33 
357 |Lant D | Aug. 29] 7 29] 4 21 
| 349 Zant | Sept. 14418 —| 9 0 
| 331 [Arbela | ) [Sept. 2010 9 Total 
are 310 [Sicily Iſland Je Aug. 14]20 510 22 
ed 219 Myſia | {1D } March 19 i4 ee 
leg 218 Pergamos | I Sept. II riſing Tot.) 
217 Sardinia Fehn iii c74 © Oh 
| 203 Ftuſiai iii May 6 2 521 5. 40 
7 1202 Cumis | Oct. 18022 24| 1 of 
a, 201 Athens 1 Sept. 227 14h 3 $84. 
the 200 Athens | D | March 191 3 5 Toaty: 
ay; 200 [Athens Sept. 11]14 48 Total | 
ac-WM- | 198 [Rome | + 161 Aup. : 5 — 
01 190 [Rome : March 1318 —{11 of 
1158 Rome | E July 10/20 38}16 48 
the 174 Athens D | April 30014 3317 1 
and | 108 [Macedonia ) | Jane 21] 8 2 Total 
Sully 141 Rhodes U jan. 27110 8 3 26 
any 104 Rome fl July 18022 2 11 62 
63 Some DOA. 271 6 22 Total 
60 [Gibraltar March 16} ſeitng Central 
54 [Canton May 9 3 41] Total 
151 Rome March 7| 2 12 ol 
| 48 Rome a |» "om 18110 C0 Total | 
WV!!! Nov. 6/14 — Total 
4 45. dome [lay is... 52) 6 47] 
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[Bef. ellos of the Sun M. & D [Middle Digits 
Chr.] and Moon ſeen at : H. M. eclipſed | 
| 31 Rome Aug. 20| ſetting Gr. Ecl. 
29 Canton Jan. . 
28 Pekin June 23 48 Total | 
26 [Canton Oct. &. 10111 16 
24 |Pekin April 0 
| 76 [Pekin Nov. 1 
2 [Canton 5 Feb. 20 811 42 
1 ee e 8 
Aft. „ | 
Chr, * | 
1 [Pekin 1] June 1 10011 43 
| 5 Rome March 28] 4 13 4 45 
| 14 Panonia 15 Sept. 17 15 Total 
27 [Canton 1 July 8 56 Total 
30 [Canton Nov. 19 20010 30 
40 [Pekin * April 30 5 50 7 34 
45 Rome july 17 
46 [Pekin iz| July 22 25 2 10 
46 [Rome | Þ | Dec. 9 52| Total | 
| 49 [Pekin | May 7 16010 8 
53 [Canton March 8020 4211 6 
55 [Pekin 1&8] July 21 500 6 40 
56 [Canton Dec. 0 28] 9 20 
59 Rome April 3 8110 38 
60 [Canton [Oct. 3 3110 30 
65 [Canton - ]&| Dec. 21 5010 23 
69 Rome ) } OR, lo 43110 49 
70 [Canton [Sept. 21 13 8 260 
71 [Rome | 2 {March 4] 8 326 o 
1 95 [Epheſus May 21] ———| 1 of 
125 Alexandria 1 April 9 16] 1 44 
133 {Alexandria D | May 11 44| Total 
134 Alexandria Dj OR, 11 510 19 
136 Alexandria | 2 [March 5015 56 5 17 
237 Bologna April — | Total 
238 [Rome 1%} April 20 20| 8 45 
290 Carthage | May 3 2011 20 
304 [Rome Aug. 9 36 Total 
316 ere Ie Dec. 19 5312 18 
334 Toledo 1 July at noon | Central 
348 [Conſtantinople Oct. 19g 2448 of 
360 [ſſpahan _* [#]Aug, 18 o[|Central| - 
364 [Alexandria D | Nov. 15 24 Total 
401 [Rome June Total 
401 Rome Dec. 12 15 Total 
402 Rome 12 | June s 42510 7? 
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2 


Att. Eclipſes of the Sun Middle] Digits 9 
{ Chr, — Moon ſeen at * H. M. eclipſed i 
1023|London 2 Jan. 23] 23 2911 — F 
| 103< [Rome | ) Feb. 2c 43] Total 1 
1031 |Paris eb. 911 51] Total V 
1033 Paris {Þ }Dec. 88 i n o 17: KI 
1034 Milan |) {June 44.9 8 Total | 1 
1037 Paris Apr. 1720 45 10 45 E 
1039 [Auxerre Aug. 2123 4oftt 5 . 
1042 Rome lan. 816 39 Total 1 
| 1044 Auxerre Nov. 7116 1210 1 . 
| 1044 [Cluny * Nov. 21] 22 1211 —| i 
1056 Nuremburg ) {April 212 9 Toral | AH 
1063 [Rome ID {Nove. 812 16 Total Þ 
1c74|Augſburgh  [YjOA. 710 13} Total 3 
1080|Conſtantinople {|} Þ |Nov, 2911 12j 9 36 Al 
10820 London | | Þ May 14410 3210 2 * 
| 1086|Conftantinople Feb. 1664 7 Total A 
1089 [Naples ) June 25 6 6 Total 10 
1093 Augſburg Sept. 2222 3510 12 X 
-1096|Gembluors Jeb. 10116 4 Total 9 
1096 Augſburgh 1» Aug. 6 8 21 Total A 
1098] Augſburgh Dec. 25 1 2510 12 1 
0e Naples ) Nov. 30] 4 58 Total | A 
| 1103 [Rome Y | Sept. 17]lo 18 Total 4 
1106|Erfurd D | July 171 281 54 # 
1107 | Naples Y | Jan. 10[13 16 Total | 
1109 þErfurd May 31] 1 30010 20 
11100 London D | Ma io Zi) Total 
1113 | Jeruſalem March 18[19g of 9 12 
1114 London D | Aug. 1715 5 Total 
1117| Trier Y {June 15013 26 Total 
1117 Trier | » | Dec. 1012 51 Total 
1118|Naples { ) Nov. 295 46] 4 11 
1121] Triers D [Sept. 2716 47; Total 
1122 [Prague D |March 24|i11 20] 3 49 
1124 |Erfurd Deb. 1| 6 43 39 
1124| London Aug. 10|23 29| 9 58 
1132 Erfurd DI March 3] 8 14 Total 
1133 Prague 9 2016 23 
1135 London | ) * Dec. 2220 11 Total 
1142 Rome Feb. 11 14 171 8 30 
1143 Rome D Feb. 1 6 36 Total 
1147 Auranches oa. 2822 380 7: -20 
1149 Bary ) | March 2513 54] 5 29 
1151 Eimbeck DAug. 2812 4 4 29 
hz Avgſburgh {| Jan. 26 © 42705 — 
11540 Paris DI June 2616 11 Total | 
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and Moon ſeen at | 


Paris 
Auranches 
Rome 
Rome 

Hr turd 
Erfurd | 
Mont Caſſin 
Milan 
London 
Cologne 
Auranches 
Avranches 
Cologne 
Auranches 
Cologne 
Cologne 
Auranches 
Auranches 
Auranches 
Rhemes 
Cologne 
Franck fort 
Paris 
England 
England 
England 


192 France 
93] France 


London 
London 
London 
England 
4| Saltzburg 
Rhemes 
Rhemes 
Vienna 
Cologne 
Acre 
Acre 
 Damictt3 
Rome 

| Colmar 
Naples 
95 
London 
Rhemes 
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11 
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March 
Sept. 
Feb. 
June 
Nov. 
Nov. 
April 
Jan. 
june 
April 
Oa, 
Feb. 
Feb, 
Nov. 
March 


[Sens Ss SS NSS 


20] 8 53 
ſetting 


0 53 


Digi | 
eclipſed 


— 
4 22 


6 
Total 

5 56 
3 bh 
2! 80 
Total- 
Total | 
Total | 
8 6 


7 52 
5 31 
10 51 
Total | 
10 34 
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* Eclipſes of the Sun| $ Middle Digits | 
Chr. | and Moon ſeen at MM. & D. H. M. eclipſed 
1245 Rhemes S July 240% 475 6 
1248 London Dane 7] 8 49] Total 
1255 London Þ j}July 20] 9 47] Total 
1255 1 Dec. 30] 2 52 Annul 
1258] Augſburgh D [May i8ſ[ir 17] Total | 
{ 1201] Vienna 2 March 31022 40 9 8 
12620 Vienna 'Þ [March 7| 5 50 Total | 
1262| Vienna Aug. 3014 39| Total | 
1263] Vienna D [Febe 24] 6 521 6 29 
1263| Augſbburgh & Aug. 5 3 24|11 17 
1263] Vienna D Aug. 20] 7 359 
1265| Vienna _ | Þ | Dec. 23 16 25 Total 
1267 Conſtantinople. Is May 2423 11011 40 
12700 Vienna LS: . by. 18 47110 40 
1272 Vienna |» Aug. 1067 278 53 
1274 Vienna D Jan. 2310 399 25 
1275 Lauben Dec. 4] 6 20 4 29 
1276 Vienna | D Nov. 2215 — ] Tota 
1277 Vienna ID | May 18. —— Total 
1279 Franckfort April 12] 6 5516. 6 
12800 London »| March 17|12 12 Total | 
1284| Reggio Þ | Dec. 2316 11] 9 13 
1290 Wittemburg Sept. 5[19 37[10 30 
1291 London Dfeb. 1410 2 Total | 
1302 Conſtantinople ) | Jan. 1410 25 To 
1307 | Ferrara April 222 18 54 
13c9 [London Feb. 24[17 44 Total 
1309 Lucca | Aug. 21010 32| Total 
1310|Wittemburg [Jan. 31] 2 210 10 
13 10 Torcello Feb. 14] 4 810 20 
1310 Torcello D Aug. 1015 337 16 
13120 Wittemburg & |July 4419 49 3 23 
13120 Plaiſance D Dec. 14] 7 19] Total 
1313] Torcello | > [Dec 38 58] 9 34 
1316 Modena Dd | OR, 1114 55 200k. 
1321|Wittemburg june 2518 111 17 
1323 Florence D May 20 f 24 Total 
1324 Florence ) [May 96 3 Total 
1324| Wittemburg Apr. 23] 6 35] 8 8 
1327 |Conſtantinople ) [Aug, 31.118 26 Total 
1328|Conſtantinople | Þ | Feb. 25[i3 4711 — 
13 30 Florence Y june 305 10] 7 34 
1330 Conſtantinople July 16] 4 510 43} 
1330 Prague D | Dec. 25 P15 49 Total | 
13310 Prague Nov. 2920 26 7 41 
1331 Prague DIDec. 14118 — ll — 
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Afi. Eclipter of the Sun M. & D Middle Tow | 
12 and Moon ſeen 2 at | : | * H. M. eclipfſed 
1333 Wittemburg 2 May 14] 3 — 10 18 
1334 Ceſena | )j April 19/10 33] Total 
| 1341] Conſtantinople D | Nov, 2312 23 Total} 
1341 Conſtantinople Dec. 822 15| 6 30 
1342 Conſtantinople D May 2014 27 Total 
1344 Alexandria £x] Oct, 618 40 8 55 
1349 Wittemburg Y June 3012 20 Total 
1354 Wittemburg Sept. 1620 45 8 43 
11356 Florence Feb. 1611 43 Total 
1361 Conſtantinople | May 4422 15] 8 54] 
1367 Sienna |» Jan. 16 8 27 Total 
1389] Eugibio | Nov. 37 5 Total 
11396 Augſburgh Jean. 11[ 0 16] 6 22 
1396 Augſburgh 7 June 211 10] Total 
11399 Forli 5 #31 Ot, 29 0 43] 9 — 
[ 1406 Conſtantinople D June 1113 — 10 31 
11406 Conſtantinople 2 June 15ʃ18 111 38 
11408 Forli Oct. 1821 47] 9 32 
1409 Conſtantinople April 15] 3 1110 48 
11410 Vienna | D {March 20|[rz3 13 Total 
1415 Wittemburg . June 6 6 43] Total 
11419 Franckfort [| March 25/22 5 1 45 
1421 Forli 2 deb. 178 2 Total 
1422 Forli D Feb. 688 2611 7 
1424] Wittemburg . June 26 3 5711 20 
14310 Forli Feb. 122 4 1 39 
1433 Wittemburg June 175 — Total | 
1438 Wittemburg Sept. 1820 50 7 
11442 Rome Dec. 17] 3 56 Total 
14480 Tubing Aug. 28122 23] 8 53 
1450 Confantinople D | July 24] 7 19] Total 
1457 Vienna Sept. 31 17] Total 
1460 Auſtria J 3] 7 $74 23 
1460 Auſtria N July 177 32011 19 
1460 Vienna Þ) Dec. 27113 30 Total | 
14610 Vienna D | June 2211 50 Total | 
1461 [Rome DdDec. 17}- Total 
1462) Viterbo D June 11ʃ15 —}\ 7 38 
1462] Viterbo Is Nov. 21] © 10f 2 6 
1464 Padua 5 April 2112 43 Total 
1465 Rome Sept. 20] 5 15. 8 46 
1465 Rome DOG. 45 12 Total 
1469] Rome D | Jan. 271 7 9] Total 
148 5 Norimburg [March 10 3 Ty $4; 7 


— 


— 


n 


Of Eclipſes. —  _ 


All the following ECLIPSES are taken from Ricciorvs, 
except thoſe marked with an ACTI; which are from L' Art 


de ver les Dates. 
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[1 
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4 
? 1 
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F; 
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* 
1 
* 
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oy 
1 
75 
37 
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k. 
: 
2 
», 
L 
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Fo 
94 
2&2 
$6 
$ 4 
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A 
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aft. "Middle Digits |] Aft. Digits 

| Chr. | N. & D. H. M. eclipſed En. ſ-clipſed| 

J nan — —= lll 8 4 

1486 | Feb. 18] 5 41 Total 1508 1 

1486 , Mar. 517 439 1508 Total“ 
1487) [Feb. 715 49] Total 1509 175 : ob 

1487 jt} July 20 2 6] 7 off 1509[|t5 —* | 

1488) Jan. 286 — * 15 10 3 

1488 C July 817 300 4 1511 Total 

1489 ) Dec. 717 4x] Total 1512 Total 

1490 || May 19] Noon | * 13 6 ö 
1490 ) June 210 6 Total 1513 * # 
1490 ) Nov. 26j18 25 Total [1515 Total- #1 
1491 [fs] Mar, 81 2 199 1516 Total f 
1491 |) Nov. 1518 —| ® 15 16 Total 1 
11492 % Apr. 267 — * [1510195 3 o 4 
1492 % Oct. 2023 — “ 11517 „„ 1 
14930 Apr. 114 of Total 1517 „ 30 
1493. Oct. 10 2 40 8 1518 9 1 A 
1494 [=] Mar, 7] 4 12 4 015180 11.” <6 7 
1494 D [Mar. 21014 38 Total 1519. „ 
1494 | ) [Sept. 14/19 45 Total 1519 6 9 5 
1495 D [Mar. 1016 — * 15 19 Total AY 
[1495 Aug. 1917 —| * 1520 13 i 
14950) Jan. 2914 —| * {| 1520|t5jOR. T3 34 i 
1497 Jan. 18] 6 38 Total 15 20 ® 0 ; 
1497 f July 29 3 23 152000 21 ; 
1499] Þ] Jane 2217 —| *® 1521 April 1 

149918 Aug. 2318 —_} * l521|$&:|Sept. hes | 

1499 |) Nov. 17110 —| ® 152208 Total 

1500 Mar. 27 In the] Night 1523 Total 

(1500 | Apr. 11 At] Noon || i523 Total 

[1500] y JO. 514 2110 524 Feb 4 | 

1591 [D [May 21/7 49 Total 1524 Bl 

{1502 [| Sept, 309 4510 offig25|i5iJan. Sos 

[1502 | }} Ot, 1512 200 2 001525 Total 

11503 DI Mar. 12.9 —| * 1525 Total | 

11503 [Sept. 1922 — ” 15 20 Total 

504) Feb. 2913 3c] Total 1527 EIn. 8 
S, Mar, 16 3 — 11522 - 

t5o; { DÞ[ Aug, 14] 8 18 Total ||1528 May 10 

150⁰ Feb. 7115 —=| * 11520 11 £8 

150% [July 20] 3 11] 2 530% Mar. 8 24 

1506 | D] Aug. 310 — * 1530 Total“ 

1507 jan. 129g — [4531 7 

1508 [%*| Jan. 2 4 the * 11532 Foy? Jus. 3 
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RiccioLvs's Catalogue of ECLIPSES. 

„ „ - [Middle | Digits „ „ Middle] Digits 
ns Es 2 M. caliSſed| | & D. H. M. ſeclipſed 
Dj Aug. 41 50 Total || Nov. 18 0 90 41 
$9, 917 — * 1556) Nov. 12 446 55 
821 I Od. 20020 1 
244 [14 25 Total 8D Apr. 11+ 09 50 
62 Neon | * Apr. 1 pd 
&# I 2 —| * D Mar. 1115 13 

48 3 Aug. I 6 22 
) 6 21110 15 Sept. 37 N 
£2 8 3 Total Feb. 19 * 
— 8 Feb. * 2 
» 14 56 Total 20 July 15 Total 
0 4 3 „ Jan. 19 8 
»]N 5 31] 3 3” June 4 8 38 
1 4+ 9 © D [July 8 11 34 
2 17 15] Total '5 Mar. 12 
DIA 16 34 Total May 16 yo 
2 „„ Nov. 7112 11 46 
* 8 38 0 Oct. 777 Total 
. Apr. 8023 46 34 
Dd 16 ed Sy Dod. 13 2 40 
00 18 13 Total 8 Mar. 5 Bas 
. 21 1611 17 » Mar, 15 o Total 
0 8 31 Total 70| | Feb. 5 46] Total 
)) 18 27 Total o] »| Aug. 9 Total 
2.7 20 48] 3 45 11. Jan. 4 8 
» 18 —| ® Jan. ig 7} * 
. 5 — 1 / Jone | 9 5 26 
* 23 — ® J ne 18 N 
D „„ Nov. 4 175 
Þ 4 56111 34 Dec. 6 Total 
152 2 9 9 30 Nov. 3 5 21 
© 3. | May - 3 
» 11 24 Total Nov. 5 * 
'» is 101 2:0 Od. 1.9 
5 65 nf ® )] Apr. 8 Total 
$5 20 —| * Dept. TI Total 
U 8 21 Total ) | Sept, 13 2 20 
G 2 of 52 Feb. 5 8 30 
.. 22 54] 1 22 Aug. 19 * 
9 7” ) | Jan, 10 7 Total 
» 16 ol © 31 Dan. 9 Total 
Le 6 —þ * » | july 17 51] Total 
0 3 1 12 Jan. 10 290% 53 
» 185 of Total June 1 
163! bias Wks 15 Total 
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N | whale | Digits Att. 7 Middle Digits 
W. b. 10 Chr | u. & D. H. M. ſeclipſee N 
Jone 15] 6 18] 4 52 
June 29 China | 4 29 
Dec. 9] 7 6110 53 
Dec. 24] 2 46] 9 52 
21] Greeal.| 2 41 
June ,4] 7 18 Total 
June 19]N.Gra,|] 5 43] 
Nov. 13] Magel. 3 — 
Nov, 2810 2 Total 
May 10] China [11 21 
May 2411 41} 7 59 
3 Rom.. I11 17 
Nov. 18] 7 31 3 26 


May 918 20 3 361601 
Nov. 1714 15] Total 1601 
Apr. 2907 5311 71601 
May 13] 5 9 6 54/1601 
Sept. 27 8 — *® 1602 
Oct. 12 Noon | *. 1602] 
Sept. 16] 9 2810 2/1602 
Feb. 26 1 231 1 3168 
Mar. 1214 14 Total 1602 
Sept. 417 30] Total 1603] 
Aug. 1018 —- * 1603 
„ 1603 
Feb. p 5 — 1 1603 


ee e 


SS SS 
= 
8d 
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a SS HShe SSS SS nen 
| — | 

— 

0 

SD 

— 

O 
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July 16617 4] 3 54/1604] April 20] Arabia | g 32 
Joly 30019 57/10 27/1604 [Oct. 22} Peru 6 49 
Jan. 9] 6 21 % April 3] g 1911 49 
Joly 6| 5 8] Total 1605/6 April 180 Madag. 5 31 
July 20 4 21 91605 Sept. 27 4 27] 9 26 

| Dec. 2916 11 Total || 1605] [Oct. 12] 2 32| 9 24 
June 24410 13] 8 5801606 Mar. 8{ Mexico] 6 © 
Dec. 180 7 24] 5 54 1606] Þ [Mar. 24j11 17 Total 


May zo] 2 3of 2 38 1606| Sept. 2{Magel.| 6 40 


7 SS Se 
75 
2 


May 1914 58010 231606 20 Magel. | '6 40 
) }Oa. 2819 15] 9 40/1606 Sept. 1615 6 Total 
April 9 Ter. de] Fuego || 1607] [Feb. 2521 481 13 
April 244 4 12 Total || 1607] ) Mar. 13] 6 36| 1 22 
May 722 —| * 1607] Sept. 515 40 4 7 
&ORt, 3 2 a| 5 18} 1608 Feb. 15 at the [Antipo. 
»]JOR. 18020 47 Total | 1608 July 27] © 301 53 
Mar. 28 - In] Chili | 1608 Aug, 9 4 39 © 40 
Þ | April i2| 8 52] 6 41609] D [Jan. 1915 21010 32 
Sept. 21 1 China || 1609] Feb. 4] Fuego | 5 22 
DOG. 6 r 15] 3 33}.1609] [July 16612 8 Total 
{| Mar. 16|Sr. Pet. Iſle 1609 July 30] Canada] 4 10 
&|Sept. 110 Picora 9 49 1609] $#| Dec. 2619 —| 5 50 
D Feb. 20018 12/10 55 16100) Jan. gf 1 31] Total | 
1598 Mar. 622 12[1r 571010 [June 20] Java 10 46 
598 D | Aug. 166 1 15 Totail 1610] D July 516 58811 13 
1598 Aug. 3i[Magel. | 8 34 1610 Dec. 15 Cyprus] 4 50 
1599 Feb. 10018 21 Total j|1610| Dec. 2916 47] 4 23 
1599 , July 22 4 311 8 181611 [June bo Califor. 11 30 
1599 ) [Aug. 6 ——— Total || 1611 DIMay 14410 380 7 22 
1000 Jan. 15 Java 1 4801612 May 2923 38] 7 14 
12 ) Jan, 30] © 40] 2 58 1612 Nov. 81 3 22} 9 49 
100 $54 July 100 2 10 5 3916120 Nov. 22|Magel. | 9 © 
1001 Jan. 40 Ethiop. 9 40110 16130 April 200 Magel Hanica, 
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YT mn Middle | Digits Aft. Middle | Digits } 
Chr, M. & P. H. M. eclipſed Chr. M. & D. H. M. ecliple| 
1K — „ B on lh | ee nem", Ty vote: era | 
1613] ) [May 4] © 35 Total 1625 Mar. 8|Florida 
1613 |May 19 Eaft|Tar:ary|1625] Þ Mar. 2314 110 2 11 
1613 Oct. 13] South | Amer, 1625 I Sept. 1| St. Pe] ter'sIſle 
1613] Þ JO. 28] 4 19 Total 1625| D Sept. 1661 41 5 6 
1614 % April 8 N. Gui. 8 44 16260 Feb. 25 Madag.] 8 27 
1614] 0 [April 2317 36 5 2516260 Aug. 7] 7 488 © 25 
14614] [Oct. 3 0 57] 5 2 bas Aug. 21] In | Mexico 
1614] 08. 17] 4 38] 4 561627] 2 Jan, 3oſi1 38/10 21 
1615 %% Mar, 29] Goa 10 35 [1637 £5 Feb. 15 | Magel| lanica 
1615 | 5% Sept, 22| Salom | Ifle 1627| Þ [July 27] 4 Total 
116150 Mar. 3 1 58] Total 1627 Aug. 11 Tenduc to o 
17616 [Mar. 17 Mexico] 6 471628 lan. 6 Tenducf 5 40 
1616 Aug. 26015 33 Total 16280) [Jan. 20010 11 Total 
16160 d Sept. 10 Magel. 10 331628 (July 1 C Goo Hope 
{1617|£ feb. 5 Magel lanica 16280 ) [July 16811 26 Total 
11617) [Feb. 200 1 49 Total 1628 Dec. 25 In Enęſ land 
1617 Mar. 622 — 16290 0 lan. 91 36] 4 27 
1617]. Aug. 1] Biarmia * 16290 . June 11] Gange 11 25 
e617] ) [Aug. 16] 8 22 Total 1629 Dec. 14| Peru 10 14 
16180 % Jan. 260 Magel | lanica ||1630| Þ [May 25[i7 5%] © © 
| 1618] ) [Feb. 9 3 29] 2 57630 une 10] 7 47] 9) 8] 
1618 2 [July 21 Mexico 1630 ) [Nov. 1911 24] 9 27 

411619 Jan. 15 Califor| nia 1630 Dec. 3 N. Gui. 10 10 
1619] Þ [June 260/12 4o 5 106310 April 30 8 Circle, | 
1619] £3 [July 11] Africa 11 391631 0 [May 15] 8 15] Total 
1619] D Dec. 20015 53110 47 1631]. Oct. 24 Coos Hope 
1620 K May 31] Arctic Circle 16310 | Nov. 8112 0 Total 
1620] ) [June 1413 47 Total 1632 April 190 C Good| Hope 
1620. [June 29] Magel,| 7 20 16320 [May 4] 1 24 6 33 
1620 D [Dec. 9 6 39 Total 1632 Oct. 13 Mexico | 8 37 
1620 % Dec. 23] Magel | lanica ||1632| Þ | Ot. 17/12 23 5 3 
11621 U May 20] 14 54 10 4411633] &|April 8] 5 14] 4 3% 
116211) [June 3 | Re 9. 530633 Oct. 3 Maldiv.| Total | 
1621 | (Nov. 13| Magel | lanica 16344 | Mar. i410 3c54i 18} 
16210 [Nov. 28 3 281634 % Mar. 28 Japan [io 19 
1622 U May 10 C veal 521|1634| Þ [Sept. 7] 5 of Total 
1622 [Nov. 2| Malac 4 In. 1634 Sept. 22[CG.H.| 9 54 
| 1623] Þ [April 14 7 190 54/1635 Feb. 17 Antar, | Circle | 
1623|£3|April 29 . 1635 | Þ [Mar, 3] 9 26 Total 
1623] } JO. 8 o 22] 8 35 1635 |&#] Mar. 18]Mexico| © 16 
1523 O04. 23 Califor.] 10 461635 *. Aug. 12 Iceland 5 o 
1624 | © May 18|N. Zem.] 6 0635 ) | Aug. 2716 4 Total 
1624] D [April 3] 7 9 Total 636 Feb, 6j Ia Peru 
| 1624 5 April 17 Antar, Circle [16360 | Feb. 2oji11 34] 3 23 
1624 Sept. 12| Magel, | lanica 1636 © Aug. 1 TDartaryſ1i 20 
[15:4] de Sept. 26 aud [1635 Aug. 160 4 341 1 26} 
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Aft. Middle] Digits || Aft. Middle | Digits | 
Chr. | © M. & P. H. M. eclipſed Chr. M. . ti. M. EY 
i637 [£3] Jan. 26 Cam- boya 1649 June g{Ara,C ; 0 | 
1637 [£#} July 21] Jucutan 1649 NOV. 4| 2 1of 3 19 
1637 Dec. 31] © 44]10 451649] Y[Nov. 1819 $6] Total | 
1638 Jan. 14 Perſia | g 4g 1650 Apr. 30 5 54 | 
1635] Þ|June 2520 17 Total 16500) 
11638 July 11 Tens 9 51650 
11638 % Dec. 5 Tellan. 2 10 16505 
1638 ») | Dec. 2015 16| Total 1651 2 
1639 Jan. 40 Tartary) © 301651 2 
4639 June 115 2910 40 1652 'D 
1639 [Jane 15] 2 4111 9652 
639% Nov. 24 8 11 0165200 
1639) Dec. 911 57] 3 46016520 
1640%% %% May 20 N. Spa. 10 301653 
1640 Nov. 13] Peru 210 361653) 
1641] 0 Apr. 25 1 9 4901653 
164% May 9 Peru [io 16/6530) 
164100 E 19076 31 1654] & 
641. (Nov. 218 46 16840 
16425 Mar. 39 Eſtotl. 4 11654 
1642] ) [Apr. 1414 31] Total 16545 
1642 [Sept. 25 | Magel. anica 1655 [ 
1642 D0[Oct. 716 45] Total 165 5] 
1643 U Mar, 1913 53 16551) 
1643 D\Apr, 321 103 91656) 5 
1643 |&z|Sepr, 1217 1656 Þ|July ef 3 17] Total 
1643! [Sept. 27] 7 383 6 offi656|U| July 21/11 48 
1644 [#3] Mar, 8] 6 | 20] — 656] D Dec. 3023 30 Total 
1644[%#] Aug. 31118 10 1657 June 11011 20 
1645 Deb. 10] 7 45] 8 5201657] D [June 259 35 Total 
1645 Feb 26 Rom. II10 461657 [U Dec. 420 of ——f 
1645 ) Aug. 7] 2 4 Total 1657 D Dec. 207 47] 3 
Aug. 21] © 35] 4 40/1658] May 3116 o© 9 
d Jan. 16 Str, of | Anian 1658) June 14/22 58 . 
Jan. 308 11 Total 15581) Nov. 913 56 0 ic 
40 % Julß 12 6 57 1658 Nov. 2411 36 
6 ) July 276 2 Total 1659 DN May 68 348 5 
Jan. 512 10 1659] % May 2017 4 5 
) Jan. 2009 43] 4 47659 Di OR, 2916 16 5 52 
july 2 89 <Q 1659 Nov. 144 259 51 
7 155] Dec, 2513 38 —— 1650 DApr. 2421 58 Total 
) June 5 o 55] 4 2816608. 3122 34 
46% June 2013 28 ———|| 1660] } POR, 18] o 32 Total 
Dd jNov. 29119 17] 7 ad 16603 Novo, 23 48 — 
* Dec. 1321 48 — 16610 Mar. 2922 32 | 
x, May 25[15; zo! 1 | 1601 ) [Apr 14] 4 28} —— 
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Aft. Miadle Pigits Aft. Middle [Digits its 7 
Chr. 1. & D. H. M. eclipſed Chr. a & D. H. M. alk 2 
— — — —— — — — 0 
1663 feSept. 23 1 361 19167600 one 25 6 26.— — 
11661 D Oct. 7 14 51 7 / 4 167635 Dec. 4] 20 52 — 
1662 Mar. 1915 8 —— 1677 [Nov. 2412 5—— 
1662 U Apr. 12 1. 8 1077] D|May 16116 258 15 1 
1663|)|Feb, 21116 11] 3 14]1078|)|May 6 5 3o|—— , 
1663 c Mar. gf 5 47 — 16780 DIO. 29 9 17 Total 1 
1663 D Aug. 18] 8 45 Total [1079]$]April 10621 Of— 
11663 [C [Sept. 18 8 — 1679 D|]May 2511 535 47 1 
11664 % lan. 2720 40 —— 16800, Mar. 2923 22—— 
[1664 |) |Feb. 11] 3 16 —— 1680 ept. 227 57— 
2 1664/0 July 2214 48| —— 1680] D Mar. 4] Noon |: 
1664 %% Aug. 20022 10 —— 168 Mar. 19]13 43 1 
1665 D Jan. 3018 47 4 34/1081] D aug. 2815 220 35 11 
1665 July 12 7 48 168 1]$3|Sept, 11015 43.— 0 
1665 DIJulyß 26013 31] 0 10/1682 D[Peb. 21012 28 Total | 
| 1666 [Jan. 4421 33 168 2 ) [Aug. 17]18 56 Total | 
1666 [July 119 11 10168 [an. 27] 1 350 30 cal 
1667 |)|June 5 Noon 1683 )[FebeÞ 9] 3 39 | wh 
| 1667 |} July 21] 2 32 1683 D [Aug. 5020 36|———_ are 
1667 f Noy. 15 11 30| ——||1684|f*|Jan, 16] 6 34|—— 
1668 [£i| May 10|Setting | -——||1084] Þ [June 26015 18] 1 35] 
1668|) [May 2516 26| g 321684 [[uly 12} 4 26 Total 
1668 [£3|Nove 4| 2 53] % 5<|[1684|D]Dec, 21]11i 18} g 45 
1668 ) |Nov. 18 54] 6 45h1685\tiJan, 4116 of=— 
1669 [U Apr. 29418 18|— 168 5050 ſune 10] 6 — 
| 1669 155 Oct. 2410 13 1085 DDec. 10 11 26 Total 
167 Apr. 1917  o| —— ||1686||May 21017 9 | 
1670 [Sept. 10{[ig o|———|1686] D\ſune 6 Noon 
1670 DISept. 28 15 4319 7 168600 Nov. 29112 22 Total 
| 1670 U Oct. 13112 1 1687 May 11 | 1 —1 * 
1671 1 Apr. 823 29 1687 D May 26 14 21 9 
16710 % Sept. 221 25 1687 D Apr. 15] 7 446 49 
16710 DISept. 18] 7 44 Total 16889 Apr. 2916 27 |—— 
1672 [ [Feb. 283 38 — 16880 Þ JOU, 9 Noon. 
1672 D [Mar. 13] 3 17 —— 16880 O8. 25/9 40 
16720 [Aug. 22 6 43 — 1689 ) Apr. 4] 7 42 Total 
1672 D [Sept. 618 54|———ſ|i68g] Þ Sept. 28015 46 Total 
1673 %% [Feb. 166 7 29 1690 Mar. 10 ee e 
1673 Aug. 11021 44 1690 Y |Mar. 2411 14] 5 43 
1674|)| Jan. 2118 22011 21690 Sept. 3 — 
1674 $5] Feb, 5 9 4 1690 0 Sept. 181 2 42 — 
1674 5 Huly 17] 9 40 Total 16910 Feb. 2717 30 —— 
675 Jan. 11] 8 29 Total 169i] Aug. 23] 5 51(—— 
| 1675 WW jan, 2510 36 1692 Fed. 2 3 20|——| 
1675) Jaly 616 30% Total 692 [Feb. 16617 311I—— 
670% % June 101z1 2604 25 [july 27110 9 _Toral 
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| Riecrot.vs's Catalogue of ECLIPSES. 
H. Nl. 1 Digits 


N Middle Digits I Aft.] N „ 

Fa | M. & D. IH. M. {eclipſed (| Chr. | M. & D. Middle] eclipſed 
1693) ) [Jan. 21017 25 Total 1696 [Nov. 237 32 —.— 

| 1693] 0 | June 17] Noon 1697 April 20|14 32] ——— 
1694| ) [Jan. 11] Noon | —— |[1697] Þ [May 518 27|Þ —— | 
1694 | % June 22] 4 22] 6 221697 ** Oct. 29} 8 44 84 5 
1694 ) | July 613 Fr] 0 47 (698% April 10] g 13 

169 5 May 116 3 1698 Oct. 318 29 

1695 | ) | May 28 Noon 11 1699] Þ | Mar, 15 8 14 9. 7 
1695 } Nov. 20 8 of 6 55 [1699] %⁰[Mar. 3022 of ——— 
1695 Dec. 517 7 1699] D [Sept. 8123 22 ——— 
16960] Þ [May 16/12 45 Total 1699 Sept. 2322 38] 9 58 
1696 May 302 $56]: 1700] ) Mar. 4420 11 ——— 

| 1696! ) NOV. 8 17 zol Total ||17o00l Þ lAug. 29] 1 42] ——— | 


Led 


The Eclipfes from STRUYK were obſerved; thoſe from RiccioLus 
calculated: the following from L' Art de verifier les Dates, are only thoſe 
which are viſible in Europe for the preſent century: thoſe which are total 
are marked with a 7; and A ſignifies Morning, A Afternoon. 


Viſible ECLIPSES from 1700 to 1800 . 
| | Months | Time of || % I Months | Tmeof | 
| 2 and | the Day 2 | and the Day 
Ls. Days, | or Night, : ; Days. | or Night. 

1701 7 Feb, 22411 A. 17181 May 3] 9 M. 5 | 
1703 D Jan, 5 3 7 M. 1715 » Nov. 11 5 M. | 
| 1703] D [June 29| 1 M. T. ||i717] ) Mar. 27] 3 M. 
1703] ) | Dec, 23) 7 M. T. ||1717] ) | May 200 6 A, 
1704 » Dec, 11 7M. | 1718 D Sept. 9 8 A. T | 
1706] ) | April 28] 2 M. [1719] Þ | Aug. 29} 9g A. | 
1706] #3] Mav 1210 M. 17210 Jan. 13] 3 A. | 
1706] D [Ot. 21] 7 A. 11722] [Jane 29] 3 M. 
1707] Þ [April 17] 2 M. T. [22 E Dec. 8 3 A. | 
1708] Þ [April 5 6 M. 17221) Dec. 21 „ 
1708] Dec. 14] 8 M. 7244 May 22 1 
170816 Sept. 29 9 A. 4 1724 D Nov, I 4 M. 
1709] £| Mar. 11] 2 A. 11725] Þ JOQﬀ, . 21] 7 A, 
1710] Þ Feb. 1311 A. ze Sept. 25| 6 A. 
1710] $| Feb, 28 1 A. | 1720 DOct. 11] o M. | 
I711] £5 — 151 8 A. {11727]&] Sept, 15 7 M. 
1711] D [July 29 6 A, T. 729 Deb. 13] 6 A.T. 
1712] D| Jan. 23 8 A. 11729] D) |Auge 9 1 M. 
i713] [June 8 6 A, 1730] D |Feb, 4 M. 
| 1713] ) IDec. 2 4 M. fi1931l Þ}june 20] 2 M. | 
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/ Eclipſes. 
Viſible E CLIPS ES from 1700 to 1800. 


; } | Months | Time of |} ,. { | Months | Time of | | 
1 hes | and the Day Ak and -| the Day | 
*1 {| Days. | or Night. | bf Days. {| or Night. 
1732|) [Dec. 1j10 A. . | 1764 April 110 M. 
1733 May 13] 7 A. 411764{4Þ [April 16] 1 M. 
1733] ) { May 28| 7 A, 1765 [Mar. 21] 2 A. 
ö 1735 D Oc. 2 1 M. 1765 Aug. 16 5 A. 
1736] Þ |Mar, 26012 A. T. 17666 [Feb. 2447 A, 
1736] Sept. 200 3 M. 2. 1766 Aug. 5| 7 A. 
1736 [Oct. 4| 6 A, 17680) |Jan. 45 M. l 
1737 [#5 Mar. 1 14 A, 1768“) | June 30] 4 M. 7. 
1737 Sept. 9 4 M. f 1768] ) Dec. 23 1 A. E. 
1738[#3| Aug, 15 [II M. 769 June 48 M. : 
1739] Þ|Jan. 24j11 A, {1709] ) |Dec. 13] 7 M. 
1739 Aug. 4| 5 A. 1770] Nov. 17]10 M. 
1739 [Dec. 30 ꝙ M. [11771] ) April 28] 2 M. 
17400 Jan. 131 A. T. 1% DB JOS, 2315 A. 
1741] Jan. 112 A. 1772] D [Oct. 11] 6 A. 7. 
1743] D Nov. 2| 3 M. T. 1772 Od. 26010 M. 
174440 Avg. 2669 A. 1773 Mar. 23 5 M. 
1746] | Aug. 3012 A, 1773] ) [Sept. 3o| 7 A. 
17474) |Feb, 145 M. 7. 1774/0 Mar. 12010 M. 
1748 July 25 [II M. 1770] Þ|July 31] 1 M. 7. 
17480 Aug. 812 A. 1770]#*| Aug. 144 5 M. 
1749|) |Dec. 23 8 A. 1777] Jan. 9 5 A. 
175% Jan. 8 90 M. 1778 June 24 4 A. 
1750) * 19 9 A. 7. 1778 [D) [Dec. 4| 6 M. 
1750) Dec, 13] 7 M. |[1779] Þ May 30 5 M. 7. 
175100 [June 9 2 M. 1779 [June 14| 8 M. 
1751] D [Dec. 210 A. 1779] Þ [Nov. 2308 A. X 
1752] U May 13] 8 A. 1780 Od. 27] 6 A. 
1753] )|April 17} 7 A. 1780] Þ | Nov. 12| 4 M. 
1753] Oct. 26010 M. [[1781[85|April 23] 6 A. 
| 1755| Þ | Mar, 28] I M. 1782|£:] OR, 17] 8 M. 
1757] Þ|Feb, 46 M. 1781] ) [April 127 A. 
1757] D | July 3012 4. 1783] ) [Mar. 18] 9 A.T. » 
1758] Þ | Jan. 24] 7 M. 7. [[1783] ) Sept. 1010 AT. 
1758] Dec. 30 7 M. 17844 Þ | Mar, 7 3 M. 
| 1759 i June 24| 7 A. 1785 Feb. gf 1 A. 1 
1759 Dec. 19] 2 A. 1787] Þ Jan. 3|12 A. 7 ? 
1760 Þ | May 29] 9 A. 1787 Jan. 19 M. 
1760 June 13] 7 M. 1787] June 155 A. 
17600 D | Nov. 229 A. 1787] Þ | Dec. 24 3 A. 
| 1761] » | May 18]it A. T. [[1788}&| June 4| 9 N. | 4 
{ 1962] Þ [May 84M. 1789 D [Nov. 212 A. 
{ 1762[&| OR. 17] 8 M. 1790] ) [Avril 2812 A. 7. 
1762 Nov. 1| 8 A. r7co] DJ JOR. 23] 1 M. 7. 
| 17631 $3 Apr. 131 8 M. 79 S April „ 
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Viſible ECLIPSES from 1700 to 1800. 
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Days. 


Months 
and 


Oct. 12 
Sept. 16 
Feb. 25 
Sept. 

Jan. 3 
Feb. 14 
Aug. 25 


or Night. 
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A Tit of Eine, e -Biforical Events,” 
which bappened about the ſame Times, from Ric- 
cl OLUS» 


Before 8 IST, 


July 


5 


| 


30 


. But according to an old Calen- 
lon the 21ſt of April, on which 


laid; if we may believe Taruntius 
Firmanus. 


[The Mirian Empire at an end; 


peace was brought about between 


-|was followed by the death of 
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dar, this Eclipſe of the Sun was 


day the foundations of Rome were 
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A total Eclipſe of the Moon. 


the Babylonian eſtabliſhed. 
An Eclipſe of the Sun fore. Hiftorical 
told by THALESs, by which a Ei 


the Medes and Lydians. 
An Eclipſe of the Moon, which 


CAMBYSES. 

An Eclipſe of the Moon, which 
was followed by the ſlaughter of 
the Sabines, and death of Valerius 
Publicola. 

An Eclipſe of the Sun. The 
Perſian war, and the falling off of 
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[the Perſians from the Egyptians. 
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431 


Before CHRIST. 


1 Auguſt 3 
| Auguſt 27 


June 21 


Aprit 25 
| | 


Auguſt 14 


k 
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Of Eclipſes. 


| An Ecli pſe of the Moon, which 


was followed by a great famine at 
Rome; and the beginning of the 
Peloponnefi an war. | 
A total Eclipſe of the Sun. A 
Comet and Plague at Athens*. 
A total Eclipſe. of the Moon, 
Nicias with his ſhip deſtroyed at 


| Graue: 


An Eclipſe of the Sun. The 
Perſians beat by Conon in a ſea- en- 
gagement. 

A total Eclipſe of the Moon. 
The next day Perſeus King of 


| Macedonia was conquered | by 


After CGT. 


550 


April 30 


1 
9 1 4 * ” gon, <> ay 
\ f 7 - 3 ij © x $'4 43 #4 
— 1 0 # as 4 d 


April 12 


114014 


Paulus Emilius. 


An Eclipſe of che Sun; This 


[is reckoned among the prodigies, 
NO 


on account of the murder of 


| Agrippings by Nero. 
A total Eclipſe of the 8 A 


; Gon that the reign of the Gordiani 


would not continue long. A ſixth 


]perſecuridn of the Chriſtians, 


i 30 1 oo 
e 55; 3 


iis Hong 


3 


OY 27 An Eclipſe of the Sun. 


2 —4 
And Levis the Pious died within 


The 
Stars were ſeen, and the Emperor 
¶Conſtantius died. 

A dreadful Eclipfe of the Sun. 


x months after it. 


„An Eclipſe of the Sun, And 


CFeruſalem taken by the Saracens. 


i) 1 
1 235] 2 
19 125 1711 197 4 : 1 


The Stars were ſeen. 


A terrible Eclipſe of the Sun. 
A ſchiſm in 


he church, occaſioned by there 


being three Popes at once. 


This Eclipſe happened in the firſt year of the Peloponneſian 
War. 
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329. I have not cited one half of Rrecforus's The foper- 


ſtitious no- 


liſt of portentous Eclipſes ; and for the ſame rea- ons of the 


ſon that he declines giving any more of them than ancient 
what that liſt contains; namely, that it is moſt 2 
diſagreeable to dwell any longer on ſuch nonſenſe, 

and as much as poſſible to avoid tiring the reader: 

the ſuperſtition of the ancients may be ſeen by the 
few here copied. My author farther ſays, that 
there were treatiſes written to ſhew againſt what 
regions the malevolent effects of any particular 
Eclipſe was aimed : and the writers affirmed, that 

the effects of an Eclipſe of the Sun continued as 

many years as'the Eclipſe laſted hours; and that 

of the Moon as many months. 

330. Yet ſuch idle notions were once of no ſmall very forta- 
advantage to CHRISTOPHER CoLumBus, who, in one 
the year 1493, was driven on the ifland of Jamaica, Torurn 
where he was in the greateſt diſtreſs for want of garn. 
proviſions, and was moreover refuſed any aſſiſtance 
from the inhabitants; on which he ' threatened 
them with a plague, and told them, that in token 
of it, there ſhould be an Eclipſe: which accord- 
ingly fell on the day he had foretold, and fo terri- 
ted the Barbarians, that they ſtrove- who ſhould 
be firſt in bringing him all ſorts of proviſions ; 
throwing them at his feet, and-imploring his for- 
giveneſs. RiccioLus's Almageſt. Vol. I. I. v. c. ii. 

331. Eclipſes of the Sun are more frequent than Why ther: 
of the Moon, becauſe the Sun's ecliptic limits are jj«rcipfes 
greater than the Moon's, $ 317 : yet we have more of the Moon 
viſible Eclipſes of the Moon than of the Sun, be- Sun. es 
cauſe Eclipſes of the Moon are ſeen from all parts 
of that Hemiſphere of- the Earth which is next 
her, and are equally great to each of thoſe parts; 
but the Sun's Eclipſes are viſible only to that ſmall 
portion of the Hemiſphere next him whereon the 
Moon's ſhadow falls; as ſhall be explained by and 
by at large. 

332. The Moon's Orbit being elliptical, and 
the Earth in one of its focuſes, ſhe is once at her 

0 | leaſt 


3 > rr F 
= Ry ThE OY , Ive; Wh. r F 
age” ah, + - 3% 5 _ F na Xe JIE * N N e ED 2 


n ag TY r n D N 2 . a ; X ey a 6 1 | 5 8 — 
1 : — a. 2K; = 8 n Y 5 7 7 — al WA 5 py = wo —— „ n Nee 1 5 * 8 . 2 e d F 7 * Wt... 
: — FF a F > x 4 Ar + - y 222 r — A . : I RN 8 : ot? | . , | *Y 
gaps ny Sores; 2 2 * do tt or She. , ons RED gg EDS ES It, e be 4 f = 1 1 2 338 Tubes e e R mY 7 — 8 IST ES AY p — — 
A ; P 7+ >" * EA A = wa 57 STS 23-53 - . ³ . OP, in i ro Em. 9 SY 88 288 — > — 2 OI.” * | Res "<a : bao. - <4 3 
. L al e 4 ye 3 © _—_ ee — xr oe as. * CE 2; — 6 * W 1 — w 2 . By 2 * — \ ; — 2 , E 
N . 1 2 ** : b M LIVE e 8 — Ne . At Fl 8 C/ IIS Iona As Th > 4 4 52 — i 
@ 2 8 £ T z a. Ser . . 5 2 IT x * * 4 — mo 3 22 n 3 — ge . „ 
3 1 | ans _ bg” ke, P I + Ou” 1 þ *2 25 2 8 2 ro Sd”; 


8 
5 
c? N 


B 

uy t 
4 : A þ *% 8 
25 * , ö I E 


— 


272 n 


PLATE leaſt diſtance from the Earth, and once at her 


W l. greateſt in every Lunation. When the Moon 
2] changes at her leaſt diſtance. from the Earth, and 
l ſo near the Node that her dark ſhadow falls upon 
BY F the Earth, ſhe appears big enough to cover the 


»nnuly Whole * Diſc of the Sun from that part on which 
Eclipſe: of her ſhadow falls; and the Sun appears totally 
eclipſed there, as at 4, for ſome minutes: but 
when the Moon changes at her greateſt diſtance 
from the Earth, and ſo near the Node that her dark 
ſhadow is directed towards the Earth, her diame- 
ter ſubtends a leſs an 


of the Earth, nor does her ſhadow reach it at that 
time; and to the place over which the point of 
her ſhadow hangs, the Eclipſe is annular, as at B; 
the Sun's edge appearing like a luminous ring all 
around the body of the Moon. When the Change 
happens within 17 degrees of the Node, and the 
Moon at her mean diſtance from the Earth, the 
oint of her ſhadow juſt touches the Earth, and 
ſhe eclipſeth the Sun totally to that ſmall ſpot 
whereon her ſhadow falls; but the darkneſs 1s not 
of a moment's continuance. | 


The get 333. The Moon's apparent diameter when largeſt 


duration of 


oral Eclip. EXCeeds the Sun's when leaſt, only 1 minute 38 
fes of te ſeconds of a degree: and in the greateſt Eclipſe 
of the Sun that can happen at any time and place, 
the total darkneſs continues no longer than whilſt 

the Moon is going 1 minute 38 ſeconds from the 

Sun in her Orbit; which is about 3 minutes and 

1z ſeconds of an hour. 3 | 1 

To how 334. The Moon's dark ſhadow covers only 3 
1 ſport on the Earth's ſurface, about 180 Engliſh miles 


Son may be broad, when the Moon's diameter appears largeſt 
totally or | | | 


partially 


eclipſed at * Although the Sun and Moon are ſpherical bodies, as ſeen 


once. from the Earth they appear to be circular planes; and 


would the Earth do, if it were ſeen from the Moon. The ap- 
parently flat ſurfaces of the Sun and Moon are called their Ds 
by Aftrnomers, | 


- | 5 and 


than the Sun's; and there- 
fore ſhe cannot hide his whole Diſc from any part 
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and 4 Sun's watty and the total —— can ex- PLATE 
tend no farther than the dark ſhadow covers. Let k. 
the Moon's partial Shadow or Penumbra may then 
cover a circular ſpace 4900 miles diameter, within 
all which the Sun is more or leſs eclipſed, as the 
places are leſs or more diſtant from the Centre of 
the Penumbra. When the Moon changes exactly 
in the Node, the Penumbra is circular on the 
Earth at the middle of the general Eclipſe; be- 
cauſe at that time it falls perpendicularly on the 
Farth's ſurface: but at every other moment it 
alls obliquely, and will therefore be elliptical 
t and the more fo, as the time is longer before or 
u after the middle of the general Eclipſe ; and then, 
much greater portions of the . s: ſurface are | 
3 Wl involved in the Penumbra. = 

| W 335. When the Penumbra - Gs arti: te 
© Wl Earth, the general Eclipſe begins: when it leaves 1 
e the Earth, the general Eclipſe ends: from che be- Ecliptes. 
e oinning to the end the Sun appears eclipſed in ſome 

d part of the Earth or other. When the Penumbra 

 W touches any place, the Eclipſe begins at that place, 
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ot and ends when the Penumbra leaves it. When the 
Moon changes in the Node, the Penumbra goes over 

t the centre of the Earth's Diſc as ſeen from the Moon; 

and conſequently, by deſcribing the longeſt line 

e pofible on the Earth, continues the longeſt upon 

px it; namely, at a mean rate, 5 hours 50 minutes: 

& more, if the Moon be at her greateſt diſtance from - 


; the Earth, becauſe ſhe then moves floweſt ; leſs, 
it ſhe be at her leaſt diftance, becauſe of her quicker 
motion, 

336, To make the laſt five articles and ſeveral Fig. II, 
f other phenomena plainer, let $ be the Sun, E the 
Earth, the Moon, and 4 M the Moon's Orbit. 
Draw the right line Vc 12 from the weſtern ſide 
o Jof the Sun at V, touching the weſtern ſide of the 
p- Moon at c, and the Earth at 12: draw alſo the 
right line /d 12 from the eaſtern ſide of the Sun 
a * Ys "7. the —_— fide of the Moon at 4 

an 


274 | 1 07 Edipfes. | 
and the Earth at 12: the dark ſpace ce 12 d included 


between thoſe lines is the Moon's ſhadow, ending 


The Moon's in a point at 12, where it touches the Earth; be. 
* cauſe in this caſe the Moon is ſuppoſed to change 

at Min the middle between 4 the Apogee, or far- 

theſt point of her Orbit from the Earth, and P the 
Perigee, or neareſt point to it. For, had the point 

P been at M, the Moan had been nearer the Earth; 

and her dark ſhadow at e would have covered a 

ſpace upon it about 180 miles broad, and the Sun 

would have been totally darkened, as at A (Fig. I.) 

| with ſome continuance: but had the point 4 
[. ig. II.) been at M, the Moon would have been 
farther from the Earth, and her ſhadow would have 
ended in a point about e, and therefore the Sun 

and Penum- would have appeared, as at B (Fig. I.) like a lu- 
miinous ring all around the Moon. Draw the right 
lines / X db and Y x cg, touching the (contrary 
ſides of the Sun and Moon, and ending on the 

Earth at à and 5 draw alſo the right line S AN 

12, from the center of the Sun's Diſc, through the 
Moon's centre, to 'the Earth at 12; and ſuppoſe 


the two former lines YA dh and Ac g to revolve 


on the line S XM 12 as an Axis, and their points 
a and 3 will deſcribe the limits of the Penumbra 
TT on the Earth's ſurface, including the large 
ſpace 40 #124; within which the Sun appears 
more or leſs eclipſid, as the places are more or lets 
OE. diſtant from the verge of the Penumbra 206. 
whit, Draw the right line y 12 acroſs the Suns Diſc, 
| perpendicular to SAM the Axis of the Penumbra: 
then, divide the line y 12 into twelve equal parts, 
as in the Figure, for the twelve“ Digits of thc 
Sun's diameter: and, at equal diſtances from the 
centre of the Penumbra at 12 (on the Earth's ſur- 
face 2 ) to its edge 4 0 b, draw twelvg, concen- 
tric Circles, as marked with the numeral Figures 
1 2 3 4, &c. and remember that the Moon's mo- 
* Digit is a twelfth part of the diameter of the Sun and 
oon. „ SS Sts þ Tho n 
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tion in her Orbit AMP is from weſt to eaſt, as pre 
from s to t. Then, WT a _ XI. 


S To an obſerver. on the Kan at 35 the eaſtern The diffe- 
4 limb of the Moon at d ſeems to touch the weſtern lr 
4 limb of the Sun at V, when the Moon is at M; Felipe. 

bo and the Sun's Eclipſe begins at &, appearing as at 


Ain Fig. III. at the left hand; but, at the ſame 
Y moment. of abſolure .time to an obſerver at à in 
Fig. II. the weſtern edge of the Moon at « leaves 
the eaſtern edge of the Sun at V, and the Eclipſe 
0 ends, as at the right hand C of Fig. III. At the 
4 very ſame inſtant, to all thoſe who live on the Cir- 
cle marked 1 on the Earth E in Fig. II. the Moon 
M cuts off or darkens a twelfth, part of the Sun S, 
and eclipſes him one Digit, as at x in Fig. III: to 
u. thoſe who live on the Circle marked 2 in Fig. II, 
te the Moon cuts off two. twelfth parts of the Sun, 
= EEE in Fig. III: to thoſe on the Circle 3, three 
be parts; and ſo on to the centre at 12 in Fig. II, 
1 WM where the Sun is centrally eclipſed, as at Bin the 
"a middle of Fi ig. III; under which Figure there is a Fig. 1114 
ae fcale of hours and minutes, to ſhew at a meag rate 
Ive how long it is from the beginning to the end of a 
bn central Eclipſe of the Sun on the parallel of Lon- 
rden; and how many Digits are eclipſed at any par- 
ge ticular time from the beginning at A to the middle 
as MW at B, or the end at C. Thus, in 16 minutes from 
ck WM the beginning, the Sun is two Digits eclipſed 3, in 
an hour and five minutes, eight Digits; and. i 8 an 
iſc, WM hour. and thirty- ſeven minutes, 12 Digits. 
ra: 37. By Fig. II. it is plain, that the Sun i is, to- 
rts, tal y or centrally eclipſed but to a ſmall part of the 
the Earth at anime; becauſe the dark conical ſhadaw 
che £of the Mo falls but on a ſmall part of the gg. II. 
ur- Earth : and that a partial Eclipſe is confined at 
en- that time to the ſpace included by the Circle a 04, 
nes of which only one half can be projected in 4 
no⸗ Figure, the other half | being ſuppoſed to be hid by 
the convexity, of the Earth E: and likewiſe, that 
no Pare of the Sun is eclipſed to the large ſpace. 2 
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276 | | .Of Eclipſes. | 
PLATE of the Earth, becauſe the Moon ĩs not between the h 
The Velo. Sun and any of. that part of the Earth: and there- 
dun of the fore to all that part the Eclipſe is inviſible. The MW t 
— 0 Earth turns eaſtward on its Axis, as from. g to 5, | 
the Earth, which is the ſame way that the Moon's ſhadow MW t 
moves; but the Moon's motion is much ſwifter in 1 
her Orbit from 5 to 7: and therefore, although 9 
Eclipſes of the Sun are of longer duration on ac- t 
count of the Earth's motion on its Axis than they t 
would be if that motion was ſtopt, yet in four mi- 
nutes of time at moſt, the Moon's ſwifter motion 
carries her dark ſhadow quite over any place that 
its centre touches at the time of greateſt obſcura- 
tion. The motion of the ſhadow on the Earth's 
Diſc is equal to the Moon's motion from the Sun, 
which is about 302 minutes of a degree every hour 
at a mean rate; but ſo much of the Moon's Orbit 
is equal to 3oz degrees of a great Circle on the 
Earth, $ 320; and therefore the Moon's ſhadow 
N goes 30 degrees or 1830 geographical miles on 
1 the Earth in an hour, or go; miles in a minute, 
ö which is almoſt four times as ſwift as the motion of 

a cannon-ball. 80 

338. As en from the Sun or Moon, the Earth's 
Axis appears differently inclined every day of the 
year, on account of keeping its paralleliſm through- 
ris. V. out its annual courſe. Let E, D, O, N be the 
Earth at the two Equinoxes and the two Solſtices, 
NS its Axis, N the North Pole, § the South Pole, 
AQ, the Equator, T'the tropic of Cancer, z the 
tropic of Capricorn, and 4 BC the Circumference 
Phenomena of the Earth's enlightened Diſc as ſeen from the 
of fen gon Sun or New Moon at theſe times. The Earth's 


as ſeen from 


the Sun or Axis has the poſition NES at the vernal Equinox, 
at different lying towards the right hand, as feen from the Sun 
times of the or New Moon; its Poles N and+$ being then in 
Vet. the Circumference of the Diſc; and the Equator 
and all its parallels ſeem to be ſtraight lines, be- 
cauſe their planes paſs through the obſerver's eye | 
looking. down upon the Earth from the m_ or n 
| OOn 
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Moon directly over E, where the Eclipt tic FCG in- 
terſects the Equator Z. At the * Solſtice, 
the Earth's Axis has the poſition NDS; and that 
part of the Ecliptic FC, in which the Moon is 


then New, touches the Tropic of Cancer T at D. 


The North Pole NM at that time inclining 231 de- 
grees towards the Sun, falls ſo many degrees within 
the Earth's enlightened Diſc, becauſe the Sun is 
then vertical to P, 23 degrees north of the Equa- 
tor Æ Q; and the Equator with all its parallels 
ſeem elliptic curves bending downward, or towards 
the South Pole, as ſeen from the Sun : which Pole, 
together with 234 degrees all round it, is hid be- 
hind the Diſc in the dark Hemiſphere of the Earth. 

At the Autumnal Equinox, the Earth's Axis has 
the poſition VOS, lying to the left hand as ſeen 
from the Sun or New Moon, which are then ver- 
tical to O, where the 'Ecliptic cuts the Equator 
# 9. Both Poles now lie in the circumference 
of the Diſc, the North Pole juſt. going to diſap- 
pear. behind it, and the South Pole juſt entering 
into it; and the Equator with all its parallels ſeem 


to be ſtraight lines, becauſe their planes paſs 


through the obſerver's eye, as ſeen from the Sun, 
and very nearly ſo as ſeen from the Moon. At 


the Winter Solſtice, the Earth's Axis has the po- 


ſition NV NS; when its South Pole & inclining 23+ 
degrees towards the Sun, falls 234 degrees within 
the enlightened Diſc, as ſeen from the Sun or New 
Moon, which are then vertical to the Tropic of 
Capricorn f, 234 degrees ſouth of the Equator 
; and the Equator with all its parallels ſeem 
elliptic curves bending upward; the North Pole 
being as far behind the Diſc in the dark Hemi- 
iphere, as the South Pole is come into the light. 


The nearer that any time of the year is to the 


Equinoxes or Solſtices, the more it partakes of the 

Phenomena relating to them. 
339. Thus it appears, that from the pmrenad equi- 
nox to the autumnal, the North Pole is enlighten- 
N 3 ed; 
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278 : / Zelipſes. 
pLaTE ed; and the Equator and all its parallels appear 
Varia: ro. Elliptical as ſeen from the Sun, more or Jeſs curved 
finens of as the time is nearer to or farther from the Sum- 
the Earth's mer Solſtice; and bending downwards, or towards 
x s are f | : | 
ſeen fom the South Pole; the reverſe of which happens 
En” from the autumnal Equinox to the- vernal. A 
times of the little conſideration will be ſufficient to convince 
zeae. the reader, that the Earth's Axis inclines towards 
the Sun at the Summer Solſtice; from the Sun at 
the Winter Solſtice ; and Sidewiſe to the Sun at 


the Equinoxes; but towards the right hand, as 


ſeen from the Sun at the vernal Equinox; and to- 


wards the left hand at the 'autumnal. From the 
Winter to the Summer Solſtice, the Earth's Axis 
inclines more or leſs to the right hand, as ſeen from 
the Sun; and the contrary from the Summer to 
„„ / x 
How theſe 340. The different poſitions of the Earth's Axis, 
poſitions af- ag ſeen from the Sun at different times of the year, 
ſect ſolar | e 28 CES 
Ecliples, affect ſolar Eclipſes greatly with regard to particu- 
Jar places; yea ſo far as would make central Eclip- 
ſes which fall at one time of the year inviſible if 
they had fallen at another, even though the Moon 
ſhould always change in the Nodes, and at the ſame 
hour of the day ; of which indefinitely various af- 
fections, we ſhall only give Examples for the times 
of the Equinoxes and Solſtices. 


1 * 


Fi.1v, II the ſame Diagram, let I be part of the 


„ 17 3 


Eclipric; and IK, 7k, 7k, i& part of the Moon's 


Orbit; both ſeen edgewiſe, and therefore projected 
into right lines; and let the interſections M, O, 


D, E, be one and the ſame Node at the above times, 


when the Earth has the forementioned different 
poſitions; and let the ſpace included by the Cir- 
cles P, p, p, p, be the Penumbra at theſe times, as 
its centre is paſſing over the centre of the Earth's 
Diſc. At the Winter Solſtice, when the Farth's 
Axis has the polition NN &, the centre of the Pe- 
numbra P touches the Tropic of Capricorn z in N 
at the. middle of the general Eclipſe ; but no part 


of 


2 0 


— 
1— 
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of the Penumbra touches the Tropic of Cancer 7. 
At the Summer Solſtice, when the Earth's Axis 
has the poſition NDS (i D &# being then part of 
the Moon's: Orbit, whoſe Node is at D) the Pe- 
numbra p has its centre at D, on the Tropic of 
Cancer 7, at the middle of the general Eclipſe, 
and then no part of it touches the Tropic of Ca- 
ds pricorn r. At the autumnal Equinox, the Earth's 
2 Axis has the poſition NOS (7Ok being then part 
of the Moon's Orbit) and the Penumbra equally 


ſouth of the Equator A Q, and deſcribing the 
line 2 E (ſimilar to the former line AOm in open 
ſpace) goes obliquely northward over the Earth, 
and leaves it at q, north of the Equator. : 

In all theſe circumſtances, the Moon has been 
ſuppoſed to change at noon in her deſcending 
Node: had the changed in her aſcending Node, the 
| Phenomena would have been as various the con- 


a includes part of both Tropics J and 7 at the middle 
. of the general Eclipſe: at the vernal Equinox it 
0 does the ſame, becauſe the Earth's Axis has the 
2 ſition NES: but, in the former of theſe two 
n laſt caſes, the Penumbra enters the Earth at 4, | 
U north of the Tropic of Cancer 7, and leaves it at | 
| n, ſouth of the Tropic of Capricorn :; having . 
| gone over the Earth obliquely ſouthward, as its | 
, center deſcribed the line AOm: r dre in the | 
ö latter caſe, the Penumbra touches the Earth at 2, 1 
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cauſe the Moon changes at all hgh as often in 
one Node as in the other, and at all diſtances from 
them both at different times as it happens, the va- 
riety of the Phaſes of Eclipſes are almoſt innume- 
rable, even at the fame places; conſidering alſo 
how variouſly the ſame places are fituared on the 
_ enlightened Diſc of the Earth, with reſpect to the 
Penumbra's motion, at the different hours when 


Eclipſes happen. 


Tx 341. When 
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How much 341. When the Moon changes 17 degrees ſhort 
oi the "e- of her deſcending Node, the Penumbra P 18 juſt , 


2 touches the northern part of the Earth's Die 
Sa nerent near the north Pole V; and as ſeen from that 
from the place, the Moon appears to touch the Sun, but 
Nodes, hides no part of him from ſight. Had the Change 


been as far ſhort of the aſcending Node, the Pe- 


numbra would have touched the ſouthern part of 
the Diſc near the South Pole. S. When the Moon | 


changes 12 degrees' ſhort of the deſcending Node, 
more than a third part of the Penumbra P 12 falls 
on the northern parts of the Earth at the middle of 
the general Eclipſe: had ſhe changed as far paſt 
the ſame; Node, as much of the other ſide of the 
Penumbra about P would have fallen on the ſouth- 
ern of the Earth,; all the reſt in the expanjum, or 


open ſpace. When the Moon changes 6 e 
from the Node, almoſt the whole Penumbra 6 
falls on the Earth at the middle of the general 


Eclipſe. And laſtly, when the Moon changes in 
the Node at N, the Penumbra PN takes the 


longeſt courſe poſſible on the Earth's Diſc; its 


| center falling on the middle thereof, at the middle 


of the general Eclipſe. The farther the Moon 


changes from either Node, within 17 degrees of 
it, the ſhorter 18 the Penumbra's continuance on 


the Earth, becauſe it goes over a leſs proportion of 


the 4 2 & as is evident by the Figure. 
The Earth's The nearer that the Penumbra's center is to 
many lei gab The” 155 vator at the middle of the general Eclipſe, 
ens the qu- the lager is the duration of the Eclipſe at all 
Jar Eclipſes, thoſe places where it is central ; becauſe, the nearer 
wich tall that any, place is to the Equator, the greater is the 


3 Cirele ie deferibes by the. Earth's motion on its 


cles, Axis: al 3d ſo, the 5 lace moving quicker, keeps 


jonger ih the Penumbra, whoſe motion is the ſame 
way with that of the place, though faſter, as has 
been already mentioned, $ 337. Thus (ſee the 
Earth at D and the mth ny at 12) whilſt the 
point & in the polar Circle 25d is carried from # 


10 


; 


N 
_ 


of Eclipſes. 


to c by the Earth's diurnal motion, the point d on 


the Tropic of Cancer 7 is carried a much greater 
length from d to D: and therefore, if the Pen- 
umbra's center goes one time over c and another 
time over DO, the Penumbra will be longer 1 in paſſ- 
ing over the moving place 4 than it was in paſſing 
over the moving place 5. Conſequently, central. 
Eclipſes about the Poles are of the ſhorteſt dura- 


tion; and about the Equator the longeſt. 


343. In the middle of Summer, the whole fri- 
gid Zone included by the polar Circle ab cd is en- 
lightened z and if it then happens that the penum- 
bra's center goes over the North Pole, the Sun will 
be eclipſed much the ſame number of Digits at 4 
as at 3 but whilſt the Penumbra moves eaſtward 
over c, it moves weſtward. over ay becauſe, with 


| reſpect to the Penumbra, the motions of @ and c are 


contrary : for c moves the ſame way with the Pen- 
umbra towards d, but a moves the contrary way 
towards 6; and therefore the Eclipſe will be of 
longer duration at c than at 4. At a the Eclipſe 
begins on the Sun's eaſtern limb, but at c on his 
weſtern ; at all places lying without the polar Cir- 
cles, the Sun's Eclipſes begin on his weſtern limb, 

or near it, and end on or near his eaſtern, At thoſe 
places where the Penumbra touches the Earth, the 


Eclipſe begins with the riſing ſun, on the top of 


his weſtern or uppermoſt edge; ; and at thoſe places 
where the Penumbra leaves the Earth, the Eclipſe 
ends with the ſetting Sun, on the top. of his eaſtern 
edge, which is then the uppermoſt, Juſt at its diſ- 
appearing in the Horizon. 


244. If the Moon were ſurrounded by an At- The Moon 


moſphere of any conſiderable Denſity, it would 
ſeem to touch the Sun a little before the Moon 
made her appulſe to his edge, and we ſhould ſee a 
little faintneſs on that ed ge before it were eclipſed 
by the Moon: but as no ſuch faintneſs has been 
obſerved, at leaſt ſo far as I ever heard, it ſeems 


plain, that the Moon hasno {uch Atmoſphere as that 
of 


And ſhort. 
ens the du. 
ration of 
ſome which 
fall within 
theſe Cir- 
cles. 


has no At- 
moſphere, 
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PLATE 


Eelipſes of 
the Moon. 


Fig. II. 


Why the 
on 15 vi- 

ſible in a to- 

tal Eclipſe, 


Of Eclipſes. 
of che Earth. The faint ring of light ſurrounding 
the Sun in total Eclipſes, called by Cassini, 1; 
Cbevelure du Soleil, ſeems to be the Atmoſphere of 
the Sun; becauſe it has been obſerved to move 
equally with the Sun, not with the Moon. 
345. Having faid ſo much about Eclipſes of 
the Sun, we ſhall drop that ſubject at preſent, and 
proceed to the doctrine of lunar Eclipſes; which, 
being more ſimple, may be explained in leſy 
time. AT ag ws OE YRS 
That the Moon can never be eclipſed but at the 

time of her being Full, and the reaſon why the is n 
not eclipſed at every Full, has been ſhewn already, 1 
§ 316, 377. Let & be the Sun, E the Earth, RR. 
the Earth's ſhadow, and B the Moon in oppoſition 
to the Sun: in this ſituation the Earth intercepts 
the Sun's light in its way to the Moon ; and when 
the Moon touches the Earth's ſhadow at v, ſhe be- 
gins to be eclipſed on her eaſtern limb x, and con- 
rinues eclipſed until her weſtern limb y leaves the 
ſhadow at w: at B ſhe is in the middle of the 
ſhadow, and conſequently in the middle of the 
Eclipſe. N 1 1 

346. The Moon when totally eclipſed is not in- 
viſible, if ſhe be above the Horizon and the Sky 
be clear; but appears generally of a duſky colour 
like tarniſhed copper, which ſome have thought to 
be the Moon's native light. But the true cauſe of 
her being viſible is the ſcattered beams of the Sun, 
bent into the Earth's ſhadow by going through the 
Atmoſphere ;z*which, being more denſe near the 
Earth than at conſiderable heights above it, re- 
fracts or bends the Sun's rays more inward, § 179, 
the nearer they are paſſing by the Earth's ſurface, Y 
than thoſe rays which go through higher parts of I fo 
the Atmoſphere, where it is leſs denſe according Par 
to its height, until it be ſo thin or rare as to loſe MW be 
its refractive power. Let the Circle fg bi, con- 12 
centric to the Earth, include the Atmoſphere I Ort 


whoſe refractive power vaniſhes at the heights / her 
| | 5 a0. 


Y @Q Fury => a pa vo wy oa a oc 


Of Eclipſes. 


and i; fo that the rays / fw and Viv go on 
ſtraight without ſuffering the leaſt refraction: But 
all thoſe rays which enter the Atmoſphere between 
f and x, and between i and /, on oppoſite Wy of 
the Earth, are gradually more bent inward as they 

go through a greater portion of the Ales 
until the rays V and Vl touching the Earth ar 
n and n, are bent ſo much as to meet at g, a little 
ſhort of the Moon; and therefore the dark ſhadow 
of the Earth is contained in the ſpace mogpn, 
where none of the Sun's rays can enter : all the 
reſt RR, being mixed by the ſcattered rays which 


are flared as above, is in ſome meaſure enlight- 


ened by them; and ſome of thoſe rays falling on 
the Moon, give her the colour of tarniſhed copper, 
or of iron almoſt red hot. So that if the Earth 
had no Atmoſphere, the Moon would be as invi- 
fible in total Eclipſes as ſhe is when New. If the 
Moon were ſo near the Earth as to go into its dark 
ſhadow, ſuppoſe about po, ſhe would be inviſible 
during her Kay! in it; but viſible before and after 
in the fainter ſhadow RR. 

347. When the Moon goes through the center 
of the Earth's ſhadow, ſhe” is directly oppoſite to 
the Sun: yet the Moon has been often ſeen to- 
tally eclipſed in the Horizon when the Sun was 
alſo viſible in the oppoſite part of it: for, the ho- 
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PLATE 


Why the 
Sun and 

oon are 
ſometimes 
viſible when 
the Moon 
is totally 


rizontal refraction being almoſt 34 minutes of a iets. 


degree, § 181, and the diameter of the Sun and 
Moon being each at a mean ſtate but 32 minutes, 
the refraction cauſes both Luminaries to appear 
above the HIOTzon' when they are really below 1 It, 


F179. 


from 'either of her Nodes, ſhe Juſt touches the 
Earth's ſhadow, but enters not into it. Let G E 
be the Ecliptic, ef the Moon's Orbit where ſhe is 
12 degrees fo the Node at her Full; cd her 
e where ſhe is 6 degrees from the Node, 46 
her Orbit where ſhe is Full in the Node, AB the 

Earth's 


348. When the Moon is Full at 12 degrees pi; v. 
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284 Hor 55 Of- Eclipſes. 8 
Dwation . Earth's ſhadow, and M the Moon. When the 


oftentral Moon deſcribes the line ef, ſhe juſt touches the Nof 


Eclipſes of 
the Moon, ſhadow, but does not enter into it; when ſhe de. nm 


ſcribes the line cd, ſhe: is totally, though not cen. Ml to 
trally, immerſed in the ſhadow; and when ſhe de- MW in 
ſcribes the line 4 b. ſhe paſſes by the Node at pr 
in the center of the ſhadow, and takes the longeſt E. 
line poſſible, which is a diameter, through it: and bi 
ſuch an Eclipſe being both total and central is of u 
the longeſt duration, namely, 3 hours 57 minutes 
6 ſeconds from the beginning to the end, if the 
Moon be at her greateſt diſtance from the Earth: 
and 3 hours 37 minutes 26 ſeconds, if ſhe be at 
her leaſt diſtance. The reaſon of this difference 
is, that when the Moon is fartheſt from the Earth, 
ſhe moves the ſloweſt; and when neareſt. to it, 
gauickeſt. : 
Digits, 349. The Moon's diameter, as well as the Sun's 
| is ſuppoſed to be divided into twelve equal parts, 
called Digits; and ſo many of theſe parts as are 
darkened by the Earth's ſhadow, ſo many Digits 
is the Moon eclipſed. All that the Moon is tri 
eclipſed above 12 Digits, ſhew how far the ſhadow Ii o 
of the Earth is over the body of the Moon, on be 
that edge to which ſhe is neareſt at the middle of es 
| the Eclipſe, th 
Why the 350. It is difficult to obſerve exactly either the Ii fo 


beginning. beginning or ending of a lunar Eclipſe, even with NM 


and end of 


aluzar a good Teleſcope; becauſe the Earth's ſhadow is th 
pic ee fo faint and ill-defined about the edges, that when w. 
be aeter= the Moon is either juſt touching or leaving it, the he 
mine. obſcuration of her limb is ſcarce ſenſible; and I th 
therefore the niceſt obſervers can hardly be certain 
to four or five ſeconds of time. But both the be- 
ginning and ending of ſolar Eclipſes are viſibly 
inſtantaneous; for th2 moment that the edge of 
the Moon's Diſc touches the Sun's, his roundneſ 
ſeems a little broke on that part; and the moment 
ſhe leaves it, he N N round again. 


555 


351. In Aſtronomy, Eclipſes of the Moon . 
of great uſe for aſcertaining the periods of her Adrenemy, 
motions; eſpecially ſuch Eclipſes as are obſerved Che, 
to be alike in all circumſtances, and have long nolcgy. 
intervals of time between them. In Geogra- 
phy, the Longitudes of places are found by 
Eclipſes, as already ſhewn in the Eleventh Chapter: 
but for this purpoſe Eclipſes of the Moon are more 
uſeful than thoſe of the Sun, becauſe they are 
more frequently viſible, and the ſame lunar Eclipſe 
is of equal largeneſs and duration at all places 
where it is ſeen. In Chronology, both ſolar and 
lunar Eclipſes ſerve to determine exactly the time 
of any paſt event: for there are ſo many particu- 
lars obſervable in every Eclipſe, with reſpect to its 
quantity, the places where it is viſible (if of the 
Sun) and the time of the day or night; that it is 
impoſſible there can be two ſolar Eclipſes in the 
courſe of many ages which are alike in all circum- 
ſtances. _ 

352. From the above explanation of the doc- The catk- 
trine of Eclipſes it is evident, that the darkneſs at g 
our SAvIovR's crucifixion was ſupernatural. For crucifixion 
he ſuffered on the day on which the Paſſover was fu. 
eaten by the Jetes, on which day it was impoſſible | 
that the Moon's ſhadow could fall on the Earth; 
for the Jews kept the Paſſover at the time of Full 
Moon: nor does the darkneſs in total Eclipſrs of 
the Sun laſt above four minutes in any place, $333, 
whereas the darkneſs at the crucifixion laſted three 


hours, Matt. xxviii. 15. and overſpread at dt all 
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The * of the following 7. ables; 


CHAP. XIX. 


| Sewing the Principles on which the lean Ate 


nomical Tables are conſtructed, and the Metal of 
calculating the Times of New and * Moons and 
Eclipſes oy them. 


353. PH E nearer that any object i is to the eye 

of an obſerver, the greater is the angle 
under. which it appears: the farther from the eye, 
the leſs. 

The diameters of the Sun and Moon ſubtend 
different angles at different times. And, at equal 
intervals of time, theſe angles are once at the 
greateſt, and once at the leaſt, in ſomewhat more 
than a complete revolution of che Luminary through 
the Ecliptic, from any given fixed Star to the fame 
Star again.— This proves that the Sun and Moon 
are conſtantly changing their diſtances from the 
Earth; and that they are once at their greateſt di- 


ſtance, and once at their leaſt, in little more than 
a compleat revolution. 
The gradual differences of theſe angles are not 


what they would be, if the Luminaries moyed in 
circular Orbits, the Earth being ſuppoſed to be 
placed at ſome diſtance from the center: but they 


agree perfectly with elliptic orbits, ſuppoſing the 


lower focus of each orbit to be at the center of the 
Earth. 
NE fartheſt point of each Orbit from the 
Earth's center is called the Apogee, and the neareſt 
point is called the Perigee.— Theſe points are di- 
rectly oppoſite to each other.. 
| Aſtronomers divide each Orbit into 12 equi 
parts, called Signs; each ſign into 30 equal parts, 
called Degrees; each degree into 60 equal parts, 
called Minutes; and every minute into 60 equal 
arts, called Seconds. The diſtance of the Sun or 
oon from any given point of its orbit, is rec- 
1 Ekoned 


| The ConftruSion of the following Tables, 


koned in ſigns, degrees, minutes and . 
Here we mean the diſtance that the Luminary has 
moved through from any given point; not the 


ſpace it is ſhort thereof in comming round again, 


though ever ſo little. 

The diſtance of the Sun or Moon from its 
Apogee, at any given time, is called its mean 
Anomaly : ſo that, in the Apogee, the Anomaly is 
nothing; in the Perigee, it is ſix ſigns. 

The motions of the Sun and Moon are obſerved 
to be continually accelerated from the Apogee to 
the Perigee, and as gradually retarded from the 
Perigee to the Apogee; being ſloweſt of all when 
the mean anomaly is nothing, and ſwifteſt of all 
when it is ſie ſigns. 

When the Luminary is in its Apogee or its Pe- 
rigee, its place is the ſame as it would be, it its 
motion were equable in all parts of its Orbit, — 
The ſuppoſed equable motions are called mean; 
the unequable are juſtly called the rue. 


The mean place of the Sun or Moon, is always 


forwarder than the true place“, whilſt the Lumi- 
nary. is moving from its Apogee to its Perigee; 
and the true place is always forwarder than the 
mean, whilſt the Luminary is moving from its 
Perigee to its Apogee.—In the former caſe, the 


Anomaly is always leſs than fix ſigns ; and 1 1n the 


latter caſe, more. 
It has been found, by a long ſeries of obſerva- 


tions, that the Sun goes through the Ecliptic, from 


the Vernal Equinox to the fame Equinox again, in 


| 365 days 5 hours 48 minutes 55 ſeconds: from the 


rſt Star of Aries to the ſame Star again, in 365 days 
6 hours 9 minutes 24 ſeconds: and from his Apogee 
to the ſame again, in 365 days 6 hours 14 minutes 
o ſeconds, —The firſt of theſe is called the Solar 
Lear, the ſecond the Heer eal Near, and the third 


* The point of the Ecliptic in which the Sun or Mon 13 


at any given moment of time, is called the place of the un or 
Moon at that time, 


the 
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Ecliptic. 


e Confrunion of the following Tablet: 


the Anomaliſtic Tear. So that the Solat Year is 20 
minutes 29 ſeconds ſhorter than the Sydereal; and 
the Sydereal Year is 4 minutes 36 ſeconds ſhorter 


than the Anomaliſtic. Hence it appears, that the 


Equinoctial Point, or interſection of the Ecliptic and 
Equator at the beginning of Aries, goes back ward 
with reſpect to the fixed Stars, and that the Sun' 
Apogee goes forward. „ 

It is alſo obſerved, that the Moon goes through 
her Orbit, from any given fixed Star to the ſame 
Star again, in 27 days 7 hours 43 minutes 4 ſc 
conds, at a mean rate: from her Apogee to her 
Apogee again, in 27 days 13 hours 18 minutes 
43 ſeconds: and from the Sun to the Sun again, 
in 29 days 12 hours 44 minutes 32 ſeconds.— 
This ſnews, that the Moon's Apogee moves for- 
ward in the Ecliptic, and that at a much (quicker 
rate than the Sun's Apogee does; ſince the Moon 
is five hours 35 minutes 39 ſeconds longer in re- 
volving from her Apogee to her Apogee again, 
than from any Star to the ſame Star again. 
The Moon's Orbit croſſes the Ecliptic in two 


oppoſite points, which are called her Nodes: and 


it is obſerved that ſne revolves ſooner from any 
Node to the ſame Node again, than from any Star 
to the ſame Star again, by 2 hours 38 minutes 27 
ſeconds, which ſhews that her Nodes move back- 
ward, or contrary to the order of ſigas, in the 
The time in which the Moon revolves from the 
Sun to the Sun again (or from change to change) 
is called a Lunation; which, according to Dr. 
Pounv's mean meaſures, would always conſiſt of 
29 days 12 hours 44 minutes g ſeconds 2 thirds 
58 fourths, if the motions of the Sun and Moon 
were always equable f.— Hence, 12 mean Luna- 


+ We have thought proper to keep by Dr. Pound's length 
of a mean Lunation, becauſe his numbers come nearer to the 
times of the ancient Eclipſes, than Meyer's do, without allow- 
ing for the Moon's acceleration, 1 COR 


—. 


6 tions 


9 


* — „ Fry © 7 


The Conſtruftion of the following Tables. 
tions contain 354 days 8 hours 48 minutes 36 
ſeconds 35 thirds 40 fourths, which is 10 days 21 
hours 11 minutes 23 ſeconds 24 thirds 20 fourths 
leſs than the length of a common Julian year, conſiſt- 
ing of 365 days 6 hours: and 13 mean Lunations 
contain 383 days 21 hours 32 minutes 39 ſeconds 
38 thirds 38 fourths, which exceeds the length of 
4 common Julian year, by 18 days 15 hours 32 
Ms 39 ſeconds 38 thirds 38 fourths. 

| The mean time of New Moon being found for 
any given year and month, as ſuppoſe for March 
1700, Old Stile, if this mean New Moon falls later 
than the 11th day of March, then, 12 mean Luna- 
tions added to the time of this mean New Moon, 
will give the time of the mean New Moon in 
March 1701, after having thrown off 365 days.— 
But, when the mean New Moon happens to be be- 
fore the 11th of March, we muſt add 13 mean 
Lunations, in order to have the time of mean New 
Moon in March the year following : always taking 
care to ſubtract 365 days in common years, and 
366 days in leap-years, from the ſum of this 
addition, * | 

Thus, A. D. 1700, Old Stile, the time of mean 


New Moon in March was the 8th day, at 16 hours 


11 minutes 25 ſeconds after the noon of that day 
(viz, at 11 minutes 25 ſeconds paſt IV in the 
morning of the gth day, according to common 
reckoning), To this we muſt add 13 mean Lu- 
nations, or 383 days 21 hours 32 minutes 39 ſe- 
conds 38 thirds 38 fourths, and the ſum will be 
392 days 13 hours 44 minutes 4 ſeconds 38 thirds 
38 fourths; from which ſubtract 365 days, be- 
cauſe the year 1701 is a common year, and there 
will remain 27 days 13 hours 44 minutes 4 ſeconds 
38 thirds 38 fourths for the time of mean New 
Moon in March, A. D. 1701 © © 
Carrying on this addition and ſubtraction till 
A. D. 1103, we find the time of mean New Moon 


hours 


in March that year, to be on the 6th day, at 7 


2 + * 
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The Conſtruction of the following Tables, 


hours 21 minutes 17 ſeconds 49 thirds 46 fourths 

aſt noon ; to which add 13 mean Lunations, and 
the ſum will be 390 days 4 hours 53 minutes gy 
ſeconds 28 thirds 20 fourths; from which ſubtrad 
366 days, becauſe the year 1704 is a leap-year, and 
there will remain 24 days 4 hours 53 minutes 57 
ſeconds 28 thirds 20 fourths, for the time of mean 
New Moon in March, A. D. 1704. 

In this manner was the firſt of the Glowing 
Tables conſtructed to ſeconds, thirds, and fourths; 
and then wrote out to the neareſt ſeconds.—The 
reaſon why we choſe to begin the year with March, 
was to avoid the inconvenience, of adding a day to 
the tabular time in leap-years after February, or 
ſubtracting a day therefrom in January and. Febru. 
ary in thoſe years ; to which all tables of this kind 
are ſubject, which begin the year with Januam, in 
calculating the times of New or Full Moons. 

The mean anomalies of the Sun and Moon, and 
the Sun's mean motion from the aſcending Node 
of the Moon's Orbit, are ſet down in Table III. 
from one to 13 mean Lunations - Theſe Num- 
bers, for 13 Lunations, being added to the radical 
anomalies of the Sun and Moon, and to the Sun's 
mean diſtance from the aſcending Node, at the 

time of mean New Moon in March 1700, (Tablel.) 

will give their mean anomalies, and the Sun's mean 
diſtance from the Node, at the time of mean New 
Moon in March 1701; and being added for 12 
Lunations to thoſe for 1701, give them for the 
time of mean New. Moon in March 1702. And 
ſo on, as far as you pleaſe to continue the Table 
(which is here carried on to the year 1800) always 
throwing off 12 ſigns when their ſum exceeds 12, 
and ſetting down the remainder as the een 
quantity. | - 

If the Numbers beloriging to A. D. woo (in 
Table I.) be ſubtracted from thoſe belonging to 
1800, we ſhall have their whole differences in 100 


compleat Julian years; which 3 we _ 
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Tze Confiruftion of the following Tables. 


bs Mito be 4 days 8 hours 10 minutes 32 ſeconds 15 
id thirds 40 fourths, with reſpect to the time of mean 
) New Moon.—Theſe being added together 60 times 
& always taking care to throw off a whole Lunation 
d hen the days exceed 294) making up 60 centu- 
7 ries, or 6000 years, as in Table VI. which was 
in carried on to ſeconds, thirds, and fourths ; and 

then wrote out to the neareſt ſeconds. In the ſame- 
ig MWnanner were the reſpective anomalies and the Sun's 
; diſtance from the Node found, for theſe centurial 
de bears; and then (for want of room) wrote out only 
„ oo the neareſt minutes, which is ſufficient in whole 
o centuries.— By means of theſe two Tables, we may 
x. fad the time of any mean New Moon in March, 
„ ogether with the anomalies of the Sun and Moon, 
d and the Sun's diſtance from the Node, at theſe 
n times, within the limits of 6000 years, either be- 

fore or after any given year in the 18th century; 


d and the mean time of any New or full Moon in 
e ay given month after March, by means of the 
. chird and fourth Tables, within the ſame limits, as 
- Wh hewn in the precepts for calculation. 

li Thus it would be a very eaſy matter to calculate 


G2 


the time of any New or Full Moon, if the Sun 


e and Moon moved equably in all parts of their 

) Orbits. — But we have already ſhewun that their 
places are never the ſame as they would be by 
vi WH <quable motions, except when they are in Apogee 


or Perigee; which is, when their mean anomalies 
are either nothing, or ſix ſigns; and that their 
mean places are always forwarder than their true 
places, whilſt the anomaly. is leſs than fix ſigns; 
and their true places are forwarder than the mean, 
whilſt the anomaly is more. 

Hence it is evident, that whilſt the Sun's ano- 
maly is leſs: than fix ſigns, the Moon will overtake 
him, or be oppoſite to him, ſooner than ſhe could 
if his motion were equable; and later whilſt his 
anomaly. is more than {ix ſigns.- -The greateſt dif- 
ference that can poſſibly happen between the mean 
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- The Conſtruction of the following Tables; 


and true time of New or Full Moon, on account 
of the Inequality of the Sun's motion, is 3 hours 
48 minutes 28 ſeconds: and that is, when the 
Sun's anomaly is either 3 ſigns 1 degree, or 8 ſigns 
29 degrees; ſooner in the firft caſe, and later in 
the laſt.---In all other figns and degrees of ano. 
maly, the difference is gradually leſs, and vaniſhes 
when the anomaly is either nothing or fix ſigns, 
The Sun is in his Apogee on the goth of Fu, 
and in his Perigee on the goth of December, in the 
preſent age: ſo that he is nearer the Earth in our 
winter than in our ſummer. The proportional 
difference of diſtance, deduced from the difference 


of the Sun's apparent diameter at theſe times, ls 


as 983 to 1017. 
The Moon's orbit is dilated in winter, and con- 
tracted in ſummer; therefore, the Lunations are 


longer in winter than in ſummer. The greateſt 
difference is found to be 22 minutes 29 ſeconds: 


the Lunations increaſing gradually in length whilſt 
the Sun is moving from his Apogee to his Perigee, 
and decreaſing in length whilſt he is moving from 
his Perigee to his Apogee.—Oa this account, the 
Moon will be later every time in coming to her 
conjunction with the Sun, or being in oppoſition 
to him, from December till June, and ſooner from 
June to December, than if her orbit had continued 
of the ſame ſize all the year round. 

As both theſe differences depend on the Sun's 
anomaly; they may be fitly put together into one 


Fable, and called The annual, or firſt equation of the 


mean to the true * ſyzygy (ſee Table VII.). This 
equational difference is to be ſubtracted from the 
time of the mean ſyzygy when the Sun's anomaly 
is leſs than fix ſigns, and added when the anomaly 


is more. — At the greateſt, it is 4 hours 10 minutes 


57 ſeconds, viz. 3 hours 48 minutes 28 ſeconds, 
on account of the Sun's unequal motion, and 22 


*The word Hxygy ſignifies both the conjunction and oppoſi- 


tion of the Sun and Moon. 


4 minutes 


urs 
the 


gns 


the 
our 


T he Conſtruction of the following T, ables. 


minutes 29 ſeconds, on account of the dilitation 
of the Moon's orbit. | 

This compound equation would be ſufficient for 
reducing the mean time of New or Full Moon to 
the true time thereof, if the Moon's orbit were of 
a circular form, and her motion quite equable in 


it —But the Moon's orbit is more elliptical than 


the Sun's and her motion in it ſo much the more 
unequal, The difference is ſo great, that ſhe is 


| ſometimes in conjunction with the Sun, or in op- 


olition to him, ſooner by 9 hours 47 minutes 54 
ſeconds, than ſhe would be if her motion were 
equable; and at other times as much later.— The 
former happens when her mean anomaly is 9 ſigns 
4 degrees, and the latter when it is 2 ſigns 26 de- 
grees. See Table IX. 

At different diſtances of the Sun from the Moon's 
Apogee, the figure of the Moon's orbit becomes 
different, —It is longeſt of all, or moſt excentric, 
when the Sun is in the ſame ſign and degree either 
with the Moon's Apogee or Perigee ; ſhorteſt 
all, or leaſt excentric, when the Sun's diftang 
from the Moon's Apogee is either three figns or 


nine ſigns; and at a mean ſtate when the diſtance 
is either 1 ſign 15. degrees, 4 ſigns 15 degrees, 7 


hgns 15 degrees,. Or 10 ſigns 15 degtees.— When 


the Moon's orbit is at its n excentricity, her 


apogeal diſtance from the Earth's center is, to her 
perigeal diſtance therefrom, as 1067 is to 9333 
when leaſt excentric, as 1043 is to 957; and when 
at the mean ſtate, as 1055 is to 945. 

But the Sun's diſtance from the Moon's Apogee 
is eva to the quantity of the Moon's mean ano- 
maly at the time of New Moon, and by the addi- 
tion of ſix figns, it becomes equal in, quantity to 
the Moon's mean anomaly at the time of Full 
Moon.—Therefore, a table may be conſtructed ſo as 
to anſwer all the various inequalities depending 
on the different excentricities of the Moon's orbit, 
in the lyzygies 3 and called The ſecond equation of 
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The Confrutiion of the fallowing Tables. 


the mean to the true ſyzygy (ſee Table IX.) and the 


| Moon's anomaly, when equated by Table VIII. may 

be made the proper argument for taking out this 

ſecond equation of time, which muſt be added to 

the former equated time, when the Moon's ano- 

maly is leſs than fix ſigns, and ſubtracted when 
the anomaly is more. 


There are ſeveral other i inequalities in the Moon” 3 


motion, which ſometimes brings on the true ſyzygy 
. a little ſooner, and at other times keep it back a 
little later than it would otherwiſe be: but they 
are ſo ſmall, that they may be all omitted exce 

two; the former of which (/ee Table X.) depends 
on the difference between the anomalies of the Sun 
and Moon in the ſyzygies, and the latter (ſz: 
Table XI.) depends on the Sun's diſtance from 


the Moon's Nodes at theſe times. — The greateſt | 


difference ariſing from the former, is 4 minutes 58 
ſeconds; and from the latter, 1 minute 34 ſeconds, 


Hoving deſcribed the e ariſing from the ine- 


qualities of the Solar and Lunar Motions, wwe ſhall 


note Here the reaſons of theſe inequalities. 


19 all calculations relating to the Sun and Moon, 


we conſider the ſun as a moving body, and the 
Earth as a body at reſt; ſince alf the appearances 
are the ſame, whether it be the Sun or the Earth 
that moves. But the truth is, that the Sun is at 
| reſt, and the Earth moves round him once a year, 
in the plane of the Ecliptic. Therefore, whatever 
ſign and degree of the Ecliptic the Earth is in, at 
any given time, the Sun will then appear to be in 
the oppoſite ſign and degree. 

The nearer that any body is to the Sun, the 
more it is attracted by him; and this attraction 
increaſes as the ſquare of the diſtance diminiſhes; 
and vice verſd. 

The Earth's annual Orbit is elliptical, and the 
Supt is pleced 3 in one of its focuſcs. The remarch 

poin 
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The Cunſtrutriom of the following Tables: 


point of the Earth's orbit from the Sun, is called 
The Earth's Aphelion ; and the neareſt point of the 
Earth's orbit to the Sun, is called The Earth's Peri- 
helion.—When the Earth is in its Aphelion, the 
Sun appears to be in its Apogee; and when the 
Earth is in its Perihelion, the Sun appears to be 
in its Perigee, 

As the Earth moves from its Aphelion to its 
Perihelion, it is conſtantly more and more attracted 
by the Sun; and this attraction, by conſpiring in 
ſome degree with the Earth's motion, muſt neceſ- 
farily accelerate it. But as the Earth moves from 
its Perihelion to its. Aphelion, it is continually 
leſs and leſs attracted by the Sun; and as this at- 
traction acts then juſt as much againſt the Earth's 


motion, as it acted for it in the other half of the 


Orbit, it retards the motion in the like degree. 


The faſter the Earth moves, the faſter will the Sun 


appear to move; the ſlower the Earth moves, the 
flower is the Sun's apparent motion. 
The Moon's orbit is alſo elliptical, and the Earth 


keeps conſtantly in one of its focuſes. — The Earth's 
attraction has the ſame kind of influence on the 


Moon's motion, as the Sun's attraction has on the 


motion of the Earth: and therefore, the Moon's 


motion muſt be continually accelerated whilſt ſhe 
is paſſing from her Apogee to her Perigee; and as 
gradually retarded in org from her Perigee to 


her Apogee. 


Ar the time of New Moon; the Moon is nearer 
the Sun than the Earth is at that time, by the whole 
ſemidiameter of the Moon's orbit; which, at a mean 
ſtate, is 240,000 miles; and at the F ull, ſhe is as 


much farther from the Sun than the Earth then is. 
—Conſequently, the Sun attracts the Moon more 


than it attracts the Earth in the former caſe, and 
leſs in the latter. The difference is greateſt when 
the Earth is neareſt the Sun, and leaſt when it is far- 
theſt from him. The obvious reſult of this is, that 


as the Earth is neareſt to the Sun in winter, and 
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The Conſtruction of the following Tables. 


fartheſt from him in ſummer, the Moon's orbit 


- muſt be dilated in winter, and contracted in 


ſummer. 

Theſe are the principal cauſes of the difference 
of time, that generally happens between the mean 
and true times of conjunction or oppoſition of the 
Sun and Moon. As to the other two differences, 


vi. thoſe which depend on the difference between 


the anomalies of the Sun and Moon, and upon the 
Sun's diſtance from the lunar Nodes, in the ſyzy- 
gies, they are owing to the different, Fgrees of 
attraction of the Sun and Earth upo#the Moon, 
at greater or leſs diſtances, according t way their re- 
ſpective anomalies, and to the poſition of the 
Moon's Nodes with reſpect to the Sun. 

If ever it ſhould happen, that the anomalies of 
both the Sun and Moon were either nothing or fix 
ſigns, at the mean time of New or Full Moon, and 
the Sun ſhould then be in conjunction with either 
of the' Moon's Nodes, all the above-mentioned 
equations 'would vaniſh, and the mean and true 


time of the ſyzygy would coincide. But, if ever 


this circumſtance did happen, we cannot expect the 
like again in many ages afterward. 


Every 49th Lunation, (or Courſe of the Moon | 


from Change to Change) returns very nearly to the 
ſame time of the day as before. For, in 49 mean 
Lunations there are 1446 days 23 hours 58 minutes 
29 ſeconds 25 thirds, which wants but 1 minute 
30 ſeconds 34 thirds of 1477 days. 

In 2953059085108 days, there are 100000000000, 
mean Lunations exactly: and this is the ſmalleſt 
number of natural days in which any exact number 
of mean eien are completed, 
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with the mean Anomalies 


Diftance from the Moon's Aſcending 


7 


A. D. 1800 incluſroe. a 


| TA EIER The mean Time of New Moon in March. Old Stiles 
of the Sun and Moon, and the Sun's mea 


Node, from A. D. 1700 


"*< [Mean New Moon] Sun's mean Moon's mean [Sun's mean Pitt. 
o | in March, | Anomaly, j Anomaly, {| from the Node 
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T A 7 L E II. Mean New Meon, &c. in March, "New dale Tron mm 
Þ A. D. 1752 t A. D. 1800. 
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TTABLE XVII. The Moon's horizontal Parallax, with} 
the Semidiameters and true Horary Motions of the Sun 
and Moon, to every/ixth Degree of their mean Anomaliz,, 
the Duantities for the intermediate Degrees being eaſily 
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New Moon falls before the 15th of March; but 
if it falls after, ſubtract the half Lunation, with 
the Anomalies, &c. belonging to it, from the 
o| WW former numbers, and write down the reſpective 
24] Ml fims or remainders. | 
II. In theſe additions or ſubtractions, obſerve, 
that 60 ſeconds make a minute, 60 minutes make 
- degree, 30 degrees make a ſign, and 12 ſigns 
make a circle. When you exceed 12 figris in ad- 
dition, reject 12, and ſet down the remainder.— : 
When the number of ſigns to be ſubtracted is 
greater than the number you ſubtract from, add 
12 ſigns to the leſſer number, and then you will 
bare 2 2 remainder | to ſet. down. — In the Tables, 
ſigns are marked thus, degrees thus“, minutes 
thus“, and ſeconds thus”, | 

III. When the required New or Full Moon i is 
in any given month after Marcb, write out as many 
Lunations, with their Anomalies, and the Sun's 
diſtance from the Node, from Table III. as the 
given month is after March; ſetting them in order 
below the.numbers taken out for March. 

IV. Add all theſe together, and they will give 
the mean time of the required New or Full Moon, 
with the Mean Anomalies and Sun's mean diſtance 
from the aſcending Node, which are the Argu- 
ments 12 finding the proper Equations. 


— 
| To 0 calculate the true 7 ime of New or Full Moon, 
7 Prkerf J. If the required time be within the 4 
limits of the 18th century, write out the mean time if 
ot New Moon in March, for the ropoſed year, Wi 
>| WW from Table I. in the Old 'Stile, or 1 55 Table II. 9 
in the New; together with the mean Anomalies 1 
of the Sun and Moon, and the Sun's mean Diſ- 5. 
-| WH cance from the Moon's aſcending Node.—lIf you 77 
o| WM want the time of Full Moon in March, add the 11 
I Half Lunation at the foot of Table III. with its 7 
Anomalies, &c. to the former numbers, if the 44 
ot 


V. With 
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216 


found. 


feconds of Anomaly, as th 


Precepts relamvè to'the preceding Tables. 
v. With, the number of days added. together 
enter Fable IV. under the given Month; and agaihſ 
that number vou have the day of mean New or 


Full Moon in the left-Hand column, which ſet 


before the b minutes, and ſeconds, already 
"3 e- 3 £4HOY 6.45 4 3 E 
But (4s it will ſometimés happen) if the ſaid 
number ef days fall ſhore of any in the column 
under the given month, add one Lunation and its 
Anomahes, &c. (from Table III.) to the foreſaid 
ſums, and then yo will have a new ſum of days 
wherewith to enter Table IV. under the given 
month, where you are ſure to find it the ſecond 
time, if the firſt falls fort. 


1 — 


VI. With the ſigns and degrees of the Sun's 


Anomaly, enter Table VII. and therewith take 
out the annual or firſt Equation for. reducing the 
mean Syzygy to the true; taking care to make 
proportions in the Table for the odd minutes and 

| e table gives the Equa- 
non only to whole degrees. 
Obferve, in this and every other caſe of finding 


7 * 


Equations, that if the figns are at the head of the | 


Table, their degrees are at the left hand, and are 
reckoned downwards; but if the ſigns. are at the 
Wot of the Table, their degrees are at the right 


hand, and are counted upward; the equation be- 


ing in the: body of the Table, under or over the 
ſigns, in a collateral line with the degrees. — The 
titles Add or Subtra? at the head or foot of the 
Tables where tlie ſigns are found, ſhew whether 
the Equation is to be added to the mean time of 


New or Full Moon, or to be ſubtracted from it. 


In this Table, the Equation is to be ſubtracted 
if the ſigns of the Sun's Anomaly are found at the 
head of the Table; but it is to be added, if the 
—— RS EE EE I ar i, 

VII. With the ſigns and degrees of the Sun's 


mean Anomaly, enter Table VIII. and take out 


the Equation of the Moon's-mean-Anomaly ; _ 
e ee 


— 


Precepis relatige to the preceding 7 ables. 


tract this Equation from her mean Anomaly, if the 


figns of the Sun's Anomaly be at the head of the 
Table, but add it if they are at the foot; the re- 
ſult will be the Moon's equated Anomaly, with 
which enter Table IX ike out the, ſecand 
Equation for reducing the mean to the true time 
of New or Full Moon; adding this "Equation, if 
the figns of the Moon's Anomaly are at the head 
of the Table, but ſubtracting ir if they are at the 
foot, and the reſult will give you the mean time of 
the required New or Full Moon twice equated, 
which will be ſufficiently near for common alma- 
nacks.—But when you want to calculate an Eclipſe, 
the following Equations muſt be uſed: thus, 
VIII. Subtract the | Moon's equated Anomaly 
from the Sun's mean Anomaly, and with the re- 
mainder in ſigns and degrees, enter Table X, and 
take out the third Equation, applying it to the 
former equated time, as the titles, Add or Subira?, 
do direct. 3 * „ | ; 
IX. With the Sun's mean diſtance from the aſ- 
cending Node enter Table XI, and take cut the 
Equation apſwering to that argument, adding it to, 
or ſubtracting it from the former equated time, as 
the titles direct, and the reſult will give the time 
of New or Full Moon, agreeing with well fegu- 
lated ctocks or watches, very near the truth. But, 
to make it agree with the folar, or apparent time, 
apply the Equation. of natural days, for in the 
lables (from page 165 to page 17 3) as it is Lcap- 
year, or the firſt, ſecond, or third after. 
The method of calculating the time of any New 
or Full Moon without the limits of the 18th cen- 
tury, will be ſhewn further on. And a few Ex- 
amples compared with the Precepts, will make the 
whole work plain. eee e 
N. B. The Tables begin the day at noon, and 
reckon forwards from thence to the noon following. 
O 
Thus, March the 31ſt, at 22 h. 30 min. 25 ſec. of 
tabular time, is April 1ft (in common reckoning) at 
30 min. 25 ſec. after 10 o'clock in the morning. 
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for every degree that the 
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» 1 
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ping 
Stile we may 


by add 


In has 


right, 
to 'or from an 


the Ne 
account of the 
fourth year 


relative to the preceding Tables 
limits «af the 18th century, we had beſt keep to 


ries reduce the time to the New. Thus, in the 22d 

fol. century, there will be 14 days difference between 
the Stiles; and therefore, the true time of New 
Moon in this laſt Example being reduced to the 
New Stile, will be the 22d of Juh, at 22 minutes 
55 ſeconds Poe: VI in the evening. | 


To calculate the n et of the Sun for any given 
moment of time. | 


45 


Pazczer I. 10 Table XII. find the next leſſer 
| year in number to that in which the Sun's place 
is ſought; and write out his mean Longitude and 
Anomaly anſwering thereto: to which add his 
mean Motion and Anomaly for the complete re- 
ſidue of years, months, days, hours, minutes, and 
ſeconds down to the given time, and this will be 
the Sun's mean Place and Anomaly at that time, 
in the Old Stile, provided the ſaid time be in any 
year after the Chriſtian ra. See the firſt Jallowing 
Example. 

II. 5157 1 Table XIII. with the Sun's mean ano- 
maly, and making proportions for the odd minutes 
and ſeconds Mee take out the Equation of the 
Sun's center: Which, being applied to his 1 mee 
Place às the title Add or Subtratt directs, will giv 
his true lace or Longitude from the Vernal Equi- 
nors at the time for which it was required. 

To calculate the Sun's place for any time 
in a given year before the Chriſtian æra, take out 
his mean longitude and Anamoly for the firſt year 
thereof, and from theſe numbers, ſubtract the mean 
Motions and Anomalies for the complete hundreds 
or thouſands next above the given year; and, to 
the remainders, add thoſe for the reſidue of years, 
months, &c. and then work in all reſpects as above. 


See the ſecond Example following. 
#2 E X A Me 
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the Old Stile, and at the end of the calculation 
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CE, Concerning Eclipſes of the Sun and Moon, 


So that in the meridian of London, the Sun Way 
then juſt. entering the ſign Libra, and conſe- 


quently was upon the point of the Autumnal 


quinox, 
If to the above time of the Avturagal Equinox 
at London, we add 2 hours 25 minutes 41 ſe- 
conds for the longitude of: Babylon, we ſhall have 
for the time of the ſame Equinox, at that place, 
October 23d, at 19 hours 22 minutes 41 ſeconds; 
which, jn the comman way of reckoning, is Odto- 
ber 24th, at 22 minutes 41 ſeconds paſt VII. in the 
orning . 
And it appears by Example VI. that i in the ſame 
year, the true time of Full Moon at Babylon waz 


Oclober 23d, at 42 minutes 46 ſeconds after VI in 


the morning; ſo that the Autumnal Equinox was 
on the day next after the day of Full Moon.—The 
Nominical letter for that year was G, and conſe- 
quently the 24th of Oztober was on a Weaneſdoy. 


The reaſon why this lean . the Autumnal Equi. 
nox, in the year of the Julian Period 706, to be two days ſooner 
than the time of che ſame Equinox mentioned in page 153 is, that 
in that page, only the meat time is taken into the account, as if 
there wWas no Equation of the Sun's motipn. | 

The Equation at the Autumnal Equinox hen, did not ex- 


ceed an hdur and a quarter, when reduced to time. — But, in the 


year of Chriſt 1 50, (Which was 5763 years aſter) the Equation 
at the Autumnal Equinox amounted to 1 day 22 hours 24 minutes, 
by which quantity, the true time fell later than the mean.— 80 
that, if we conſider the frur time of this laſt- mentioned Equinox, 
only as mean time, the mean Motion of the Sun carried thence 
back to ei Autumnal Equinox in the year of the Julian N 
706 will x 1 jo the 2 5 ch of Otter, in, aa . . 
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To 
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Concerning Elf of the San and Moon 


Jo find the Sun's diftance from the Moon's aſcending 
' Nade; at the time of any given New or Full Moon; 
and conſequently, to kngw whether there is an Eclipſe 
at that time, or not. 


The Sun 8 Aiſtance from the Moon's aſcending 
Node is the argument for finding the Moon's 
fourth Equation, in the Syzygies, and therefore it 
is taken into all the foregoing Examples in finding 
the times thereof. — Thos, at the time of mean 
New Moon in April 1764, the. Sun! s mean Diſtance 
from the aſcending Node, is o 5* 35 22. See Ex- 
ample I. p. 318. 

The deſcending Node is oppoſite to the aſcend: 
ing one, and they are juſt ſix Signs diſtant from 
each other. 

When the Sun is within 17 degrees of either of 
the Nodes at the time of New Moon, he will be 
eclipſed at that time: and when he is within 12 
degrees of either of the Nodes at the time of Full 
Moon, the Moon will be then eclipſed. Thus we 
find, that there will be an Eclipſe of the Sun at the 
time of New Moon in April 1764. 

But the true time of that New Moon comes out 
by the Equations to be 50 minutes 46 ſeconds 
later than the mean Time thereof, by comparing 
theſe times in the above Example: and therefore, 
we muſt add the. Sun's motion from the Node 
during that interval, to the above mean Diſtance 
o ,* 35* 2”, which motion is found i in Table XII. 
for 50 minutes 46 ſeconds, to be 2' 12”. And to 
this we muſt apply the Equation of the Sun's 
mean Diſtance from the Node, in Table XV. found 
by the Sun's anomaly, which, at the mean time 
of New Moon in Example I. is 9* 19 26“ 19“; 
and then we ſhall have the Sun's true Diſtance 
from the Node, at the true time of New Moon, 
as $ follows : | | 

At 


* & * 


o 
h N 


Elements 6 Solar Eclipſes, 
| Sun from Node 
At the mean time of New Moon i in 
April 1166 — — jo 0 5 35. 2 
Sun's motion from the } 50 minutes 2 10 
Node for —— 46 Ione „ 


— — 


Sun's mean Diſtance from Node at 


true New Moon — ' — o 5 37 14 
; 2 5 0 


e of mean Diſtance from 


Sun's. true Diſtance from the a1. 


cending Node — 4; 0 7 42 14 


Which being far within the above limit of 1) 

| degrees, ſhews that the Sun mult then be eclipſed, 
And now we ſhall ſhew how to project this, ot 

any other eclipſe, either of the Sun or Men. 


Ti 0 project an Eclipſe af the Saw, 


WR order to this, we muſt find the ten following 
Elements by means of the Tables. 

1. The true Time of conjunction of the Sun and 
e and at that time, 2. The ſemidiameter of 
the Earth's diſc, as ſeen from the Moon, which is 
equal to the Moon's horizontal parallax, 3. The 
Sun's diſtance from the ſolſtitial Colure to which 
he is then neareſt. 4. The Sun's declination. 5. 
The angle of the Moon's: viſible path with the 

Ecliptic. 6, The Moon's latitude. 7. The Moon's 
true horary motion from the Sun. 8. The Sun's 
ſemidiameter. 9. The Moon's. - 10. The ſemi⸗ 
diameter of the Penumbra. 

We ſhall now proceed to find theſe Elements 

for the Sun 's Eclipſe i in April 1764. | 

To find the true time of New: Moon, This, by 

Example I. p. 318, is found to be on the firll 

day of the ſaid month, at 30 minues 25 ſeconds 

after X in the morning. 0 7 
2, 49 


"+ — 1 ec r 


Elements for Solar Eclipfes. 


2. To find the Moon's horizontal parallax, or ſemi- 
diameter of the Earth's diſc, as ſeen from the Moon. 
Enter Table XVII. with the ſigns and degrees of 
the Moon's Anomaly (making proportions, becauſe 
the Anomaly is in the Table only to every 6th 
degree) and thereby take out the Moon's horizon- 
tal parallax ; which, for the above time, anſwering 


40 IHE Anomaly 11* 99 24 21”, is 54 53”. 


To find the Sun's diſtance from the neareſt Sol- 


fice, viz. the beginning of Cancer, which is 3 or gos 


from the beginning of Aries. It appears by the Ex- 
ample on page 326 (where the Sun's place is cal- 


culated to the above time of New Moon) that the 


Sun 8 longitude from the beginning of Aries is then 
of 129 101 12“ that is, the Sun's place at that time 

is v Aries 129 100 . | 

1 0 i 

Therefore from „ ̃— W 6.00 

Subtract the Sun” 8 longitude or 45. O 12 10 12 


n — * 
* 


1 the Sun's diſtance from bus 
the Solſtice s | py .1=2 17 49. 48 
Or 77 49 45"; each ſign containing 30 degrees. 

4. To find the Sun's declination. Enter Table 
XIV. with the Signs and degrees of the Sun's true 
place, VIZ. of 12%, and making proportions for 
the 107 12% take out the Sun's declination anſwer- 
ing to his true place, and it will be found to be 
# 49“ north, 

Ge -To find the Moon's latitude. This depends on 
her diſtance from her aſcending Node, which 1s the 
ſame as the Sun's diſtance. from it at the time of 
New Moan ; and is thereby found in Table XVI. 

Bur we have already found, that the Sun's equated 
diſtance from the aſcending Node, at the time of 
New Moon jn April 1704: is of 7? 42" 14. See 
the preceding page. 

Therefore, enter Table XVI. with © ſigns at the 
top, and 7 and 8 degrees at the left hand, and 
e out * and 39", the latitude for 7*; and 


41 


' The'Delimation of Solar Edigfes. 


4 $51”, the latitude for 8*: and by making pro- 


portions between theſe latitudes for the 42“ 140 
by which the Moon's diſtance from the Node ex- 
ceeds 7 degrees; her true latitude will be found 
to be 40 18“ north aſcending. 


6. To find the Moon's true horary motion from the 


Sun. With the Moon's Anomaly, viz. 11“ 99 24 
21”, enter Table, XVII. and take out the Moon's 
horary motion; which, by making proportions in 
that Table, will be found to be 30 2%. Then, 
with the Sun's Anomaly, gf 1* 26' 19”, take out 
his horary motion 2' 28” from the ſame Table: 
and ſubtracting the latter from the former, there 
will remain 27“ 54” for the Moon's true horary 
motion from the Sun. 
HT ns the angle of the Moon's viſible path 
with the cliptic. This, in the projection of Eclip- 
fes, may be always rated at 3 35) without ay 
ſenſible error. 
8, 9. To find the ſemidiameters of the 1 and 
Moon. Theſe are found in the ſame Table, and 
dy the ſame Arguments, as their horary Motions. 
—In the preſent caſe, the Sun's Anomaly gives his 
ſemidiameter 16“ 6%, and the Moon's Anomaly 
iyes her ſemidiameter 14 57". 

10. To find the ſemidiameter of the 8 Add 
the Moon's ſemidiameter to the Sun's, and their 
ſum will be the ſemidiameter of the Penumbra, 


/ i 


vis. 21 5. 
No collect theſe Elements, that they may be 
found the more readily when they are wanted in 
the conſtruction of this Eclipſe. 
1. True time of New Moon in) 3 
| 4 1764. „ 2 


4 15 


—_ — 4 


> Rag 8 af the Earth's diſc o 54 53 
3. Sun's dift. from the neareſt Solſt. 7) 49 48 
; 1 0 Sun's declination, north 449 
et. Moon 8 latitude, north aſcending o 40 18 
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The Delineation of Solar Ecüpſin. 


6. Moon's horary motion from the Sun 0 27 54. 


7. An gle of the Moon's viſible 
path with the Ecliptic 


g. Moon's ſemidiameter 13457 


10. Semidiameter of the Penumbra - 31 3 


Jo prgje an Eclipſe of the Sun geometrically. 
Make a ſcale of any convenient length, as AC, 


and divide it into as many equal parts as the Earth's ig 


ſemi-diſe contains minutes of a degree; which, at 
the time of the Eclipſe in April 1764, is 54 53". 
Then, with the whole length of the ſcale as a 
radius, deſcribe the ſemicircle AMA upon the cen- 
ter C; which ſemicircle ſhall repreſent the northern 
half of the Earth's enlightened diſc, as ſeen from 
„„ <-> 1 nei $5 4 ode Ratios, 

Upon the center C raiſe the ſtraight line CH. 
perpendicular to the diameter AC B; ſo ACB ſhall 


be a part of the Ecliptic, and CH its Axis. 


Being provided with a good ſector, open it to 
the radius C A in the line of chords; and taking 
from thence the chord of 23 degrees in your 
compaſſes, ſet it off both ways from H, to g and to 
b, in the periphery of the ſemi-diſc; and draw the 
ſtraight line gb, in which the North Pole of the 
Diſc will be always found. 3 4 
When the Sun is in Aries, Taurus, Gemini, 
Cancer, Leo, and Virgb, the North Pole of the 
Earth is enlightened by the Sun: but whilſt the 
Sun is in the other ſix Signs, the South Pole is en- 
lightened, and the North Pole is in the dark. 

And when the Sun is in Capricorn, Aquarius, 
Piſces, Aries, Taurus, and Gemini, the northern 
half of the Earth's Axis C XII P lies to the right 
hand of the Axis of the Ecliptic, as ſeen from the 
Sun; and to the left hand, whilſt the Sun is in the 
other ſix Signs. | 
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draw the black line V 7 K VI. 


The Delineation of Solar Edlipſes. 
_ Open the ſector till the radius (ot diſtance of the 
two 90's) of the ſigns be equal to the length of 


Vb, and take the ſine of the Sun's diſtance from 
the Solſtice (77 49' 48”) as neatly as you can 
gueſs, in your compaſſes, from the line of fines, 
and ſet off that diſtance from to P in the line 
gb, becauſe the Earth's axis lies to the right 
hand of the Axis of the Ecliptic in this caſe, the 
Sun being in Aries; and draw the ſtraight line 


.CXIIP for the Earth's axis, of which P 175 the 


North Pole. If the Earth's Axis had lain 


left hand from the axis of the Ecliptie, the Aenne 


K P would have been ſet off from Y towards g. 

To draw the Parallel of Latitude of any tos 
place, as ſuppoſe London, or the path of that place 
on the Earth's enlightened diſc as ſeen from the 
Sun, from Sun-riſc till Sun- ſer, take the following 
method. 


Subtract the Ladegile of 1 $1%% from go, 
and the remainder : 


387 will be the co- latitude, 
which take in your compaſſes from the line of 
chords, making CA or CB the radius, and ſet it 
from 5 (where the Earth's Axis meets the Peri - 


= phery of the Diſc) to VI and VI, and draw the 


occult or dotted line VI X VI. Then," from the 
points where this line meets the Earth's Diſc, ſet 
off the chord of the Sun's declination 4 49, to 
D and E, and to E and G, and connect theſe points 
by the two occult lines F XII C and DL E. 

Biſect LX XII in K, and through the point K 
draw the lin Then making CB 
the radius of a line of ſines on the ſector, take the 
co-latitude of London 380 from the fines in your 
compaſſes, and ſet it both ways from K, to VI and 
VI. — Theſe hours will be juſt in the edge of the 
Difc' at the Equinoxes, but at no other time in bin, 
whole vear. | 

With the extent K vr eiten into your com- 
paſſes, ſer one foot in & (in the black line below 


the occult one) as a center, and with the other foot 
deſcribe 


— * 2 1 


een „ 2 V % 
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The Delineatio on of Solar Eclip os 


ſcribe the ſemicircle VI 78 9 10, &c. and divide 
it into 12 equal parts. Then, from theſe points of 
diviſion, draw the occult lines 7 p, 8 0, 9 *, &c. 
parallel to the Earth's axis C XII P. 

With the ſmall extent K XII as a radius, deſcribe 


the quadrantal Arc XIT f, and divide it into fix. 


equal parts, as XII 4,46, b c, cd, de, and e f; 
and through the diviſfion-points, a, 5, c, d, e draw 
the occult lines VII e V, VIII Z IV, IX III, X b 
Il, and XI al, all parallel to VI X VI, and meet- 
ing the former occult lines 7 p, 8 o, &c. in the 
points VII VIII IX X XI, V IV III II and 1: 


which points ſhall mark the ſeveral fituations of 


Lindon on the earth's Diſc, at theſe, hours reſpec- 
tively, as ſeen from the Sun; and. the elliptic 
Curve VI VII VIII, &c. being drawn through 
theſe points, ſhall repreſent the parallel of lati- 
tude, or path of London on the Diſc, as ſeen from 
the Sun, from its riſing to its ſetting. 

N. B. If the Sun's declination had been ſouth, 
the diurnal path of London would have been on the 
upper fide, of the line VI X VI, and, would have 
touched the line D L E in 2 is requiſite to 
divide the horary ſpaces into quarters (as ſome are 
in the figure) and, if poſſible, into minutes alſo. 

Make C B the diu of a line of chords on the 
ſector, and taking therefrom the chord of 5 35 
the angle of the Moon's viſible path with the Eclip- 
tic, ſet i it off from H to M on the left hand of CH, 
the Axis of the Ecliptic, becauſe the Moon's lati- 


tude is north aſcending. Then draw C M for the 


Axis of the Moon's orbit, and biſect the. angle 
M CH by the right-line C-2—If the Moon's lati- 
tude had been north deſcending, the Axis of her 
Orbit would have been on the right hand from the 
Axis of the Ecliptic.— N. B. The Axis of the 
Moon's orbit lies the ſame way when her latitude 
is ſouth aſcending, as when it is north aſcending ; 


and the ſame way when ſouth deſcending, as when 


norch deſtending. DER 
ake 
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Take the Moon's latitude 40 18” from the ſeals 
A in your compaſſes, and ſet it from 7 to x itt the 


biſecting line Cz, making i x parallel to Cy: and 


through x, at right-angles to the Axis of the 
Moon's orbit C M, draw the ſtraight line N Ad 
for the path of the Penumbra's center over the 
Earth's Diſc.— The point w, in the Axis of the 


Moon's orbit, is that where the Penumbra's center 


approaches neareſt to the center of the Earth's 
Diſc, and conſequently is the middle of the general 
Eclipſe : the point x is that where the conjunction 
of the Sun and Moon falls, according to equal 
time by the Tables; and the point y is the eclip- 
tical conjunction of the Sun and Moon. 

Take the Moon's true horary motion from the 
Sun, 27 54”, in your compaſſes, from the ſcale 
CA (every diviſion of which is a minute of a de- 


_ gree) and with that extent make marks along the 


path of the Penumbra's center; and divide each 
ſpace from mark to mark, into ſixty equal parts or 
hotrary minutes, by dots; and ſet the hours to 
every 6oth minute in ſuch a manner, that the dot 


ſignifying the inſtant of New Moon by the Ta- 


bles, may fall into the point x, half way between 
the Axis of the Moon's orbit, and the Axis of the 
Ecliptic; and then, the reſt of the dots will ſhey 


the points of the Earth's Diſc, where the Penum- 


bra's center is at the inſtants denoted by them, in 
its tranſit over the Earth. 1 
Apply one fide of a ſquare to the line of the 


Penumbra's path, and move the ſquare backwards 
and forwards, until the other ſide of it cuts the 


Tame hour and minute (as at m and m) both in the 
path of London, and in the path of the Penumbras 


center: and the particular minute or inſtant which 


the ſquare cuts at the ſame time in both paths, 
ſhall be the inſtant of the viſible conjunction of the 


Sun and Moon, or greateſt obſcuratio of the Sun, 


at the place for which the conſtruction is made, 


namely, London, in tlie preſent example; and this 


4 N inſtant 


Tbe Delineation of Solar Eclipſar. 


inſtant is at 474 minutes paſt X o'clock in the 
morning; which is 17 minutes 5 ſeconds later than 
the tabular time of true conjunction. 

Take the Sun's ſemidiameter, 16“ 6“, in your 
compaſſes, from the ſcale C 4, and ſetting one foot 
in the path of London at m, namely, at 474 minutes 
paſt X, with the other foot deſcribe the circle UV, 
which ſhall repreſent the Sun's Diſc as ſeen from 
London at the greateſt obſcuration.—Then take the 
Moon's ſemidiameter, 14“. 57“, in your compaſſes 
from the ſame ſcale; and ſetting one foot in the 

path of the Penumbra's center at , in the 47+ 
3 after X; with the other foot deſcribe the 


le 


at the time when the Eclipſe is at the greateſt ; 
and the portion of the Sun's Diſc which is hid or 
cut off by the Moon's, will ſhew the quantity of 
the Eclipſe at that time; which quantity may be 
meaſured on a line equal to the Sun's diameter, 
and divided into twelve equal parts for digits. 
Laſtly, take the ſemidiameter of the Penumbra, 
21 3”, from the ſcale C A in your compaſſes; and 
ſetting one foot in the line of the Penumbra's cen- 
tral path, on the left hand from the Axis of the 
Ecliptic, direct the other foot toward the path of 
London ; and carry that extent backwards and for- 
wards, till both the points of the compaſſes 
into the ſame inſtants in both the paths: and theſe 
inſtants will denote the time hen the Eclipſe be- 
gins at London. Then, do the like on cih 


le 


points of the cotnpaſſes fall into the ſame inſt ant 
in both the paths, they will thew at what time the 
Eclipſe ends at London. hea ee 

Theſe trials give 20 minutes after IX in the 
morning for the beginning of the Eclipſe at London, 
x the points MN and O; 474 minutes after X, at. 
the points m and u, for the time of greateſt ob- 
c; ¶ curation; and 18 minutes after XII, at R and S, 
. . for 
. | 


circle TY for the Moon's Diſc, as ſeen from London, 


hand of the Axis of the Ecliptic ;. and where the 
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. for the time. when the Eclipſe ends ; evading eit! 
mean or equal time. _ De 
From theſe times we muſt ſubtract the equatiq | 
of natural days, viz. 3 minutes 48 ſeconds, in Leap. 
year April 1, and we ſhall have the apparent time; 
namely, IX hours 16 minutes i2 ſeconds for the 
beginning of the Eclipſe, X hours 43 minutes 4 
| ſeconds for the time of greateſt obſcuration, and 
XII hours 14 minutes 12 ſeconds for the time 
when the Eclipſe ends.—But the beſt way is u 
apply this equation to the true equal time of Nen 
Moon, before the projection be begun; as is done 
in Example I. For the motion or poſition of 
places on the Earth's Diſc anſwer to apparent o 

_ lolar time. 
In this conſtruction it is ſuppoſed, that the angk 
under which the Moon's Diſc is ſeen, during th 
. whole time of the Eclipſe, continues invariably the 
tame; and that the Moon's motion is uniform and 
rectilinear during that time. But theſe ſuppoſitioꝶ 
do not exactly agree with the truth; and therefore, 
ſuppoſing the Elements given by the Tables to be 
accurate, yet the times and phaſes of the Ecliple, 
deduced from its conſtruction, will not anſwer 1 
exactly what paſſeth in the Heavens; but may 
80 e at leaſt two or three minutes wrong,  thougl 
one with the greateſt care, —Moreover, the paths 
"of all places. of conſiderable latitudes are nearer the 
2 of the Farth's Diſc, as feen from the Sun, 
out thoſe conſtructions make them; becauſe the 
© is projected as if the Earth were a perfect 
. here, although it is known to be a_ſpheroid, 
. the Moon's ſhadow. will go farther 
northward in all places of northern latitude, and 
farther ſouthward in all places of ſouthern latitude, 
than it is ſhewn to do in theſe Projections. —Ac- 
cording to Meyer's Tables, this Eclipſe will be 
about a quarter of an hour ſooner than either 
theſe Tables, or eee or Dr. Halley's make I an- 
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.The Delineation of Lunar Eclipſes. 
it: and will not be annular at London, But M. 
De la Caille's make it almoſt central. 
3 7 4 e 799 A676 7 i 1 N 
Te projection of Lunar Eclipſes. _ 


When the Moon is within 12 degrees of eithet 
of her Nodes, at the time when ſhe is full; ſhe will 
be eclipſed, otherwiſe not. e ne 
We find by Example II, page 319, that at the 
time of mean Full Moon in May 1762, the Sun's 
diſtance from the aſcending Node was only 4 49 
35"; and the Moon being then oppoſite to the 
dun, muſt have been juſt as near her deſcending 
Node, and was therefore eclipſed. 

The elements for conſtructing an Eclipſe of the 
Moon, are eight in number, as follow: 
1. The true time of Full Moon: and at that 
time, 2. The Moon's horizontal parallax. - 3. The 
Sun's ſemidiameter. 4. The Moon's. 5. The 
ſemidiameter of the Earth's ſhadow at the Moon. 
6. The Moon's latitude. 7. The angle of the 
Moon's viſible path with the Ecliptic. 8. The 
Moon's true horary motion from the Sun.—— 
Therefore; 4 PCT" Yy 5 OF? {1 2 9.5.43; 5 
1. To find the true time of Full Moon, Work as 
already taught in the Precepts, —Thus we have the 
true time of Full Moon in May 1762 (fee Exam- 
ple II. page 319) on the 8th day, at 30 minutes 
50 ſeconds paſt III o'clock in the morning. 

2. To find the Moon's horizontal Parallax. Enter 
Table XVII. with the Moon's mean Anomaly (at 
the above full) 9 26 42 42”; and thereby take out 
her horizontal Parallax; which, by making the re- 
quiſite proportions, will be found to be 57 23”. 
35 4. To fd the ſemidiatheters of the Sun and 
Moon. Enter Table XVII. with their reſpective 
Anomalies, the Sun's being 10* 7* 27 45” (by the 
above example) and the Moon's 9 2% 42 42”; 
and thereby take out their reſpective ſemidiame- 
ters: the Sun's 15 56”, and the Moon's 15 38”. 
66:5, SE 2 2 5. To 
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. To find the ſemidiameter: of the Earth's ſbadom 
at the Moon. Add the Sun's horizontal parallax, 
which is always 100% to the Moon's, which i in the 
preſent. caſe is 57 23“, the ſum will be 57 335 
from which ſubtract the Sun J ſemidiameter 15 500 
and there will remain 41137“ for the ſemidiameter 
of that part of the Earth's ſhadow which the Moon 
then — 4 through. 

6. To find the Moo? Latitude. Find the Sun's 
true diſtance from the aſcending Node (as already 
taught in page 329) at the true time of Full Moon; 
and this diſtance, increaſed by ſix ſigns, will be the 
Moon's true diſtance from the ſame Node; and 
conſequently the argument for finding her true la- 
titude, as ſhewn in page 332.. 

Thus, in Example II. ho Sun's mean, diſtance 
from the aſcending Node was o- 4 49 35' at the 


time of mean Full Moon: but it appears by the 


Example, that the true time thereof was 6 hours 33 
minutes 38 ſeconds ſooner than the mean time, and 
therefore we muſt ſubtract the Sun's motion from 
the Node (found in Table XII. page 310) during 
this interval; from the above mean diſtance of 4 
40“ 35% in order to have his mean diſtance from it 
at the true time of Full Moon. Then to this apply 
the Equation of his mean diſtance from the Node, 
found i in Table XV. by his mean Anomaly 10, 
27 45"; ändd laſtly, add ſix ſigns: ſo ſhall the 
* Moon's true diſtance from the POD Node be 
found as follows : : 

n 101 13119803, 2 LILS CEQ „ 1 
Sun an, Node at mean n Full Moon 16. 4 49 35 


tal | . a] 6 3 1 15 3 


. 


His morion from it in 33 minutes 12 
38 ſeconds YN 3 


Sum, wbtrack "Tok the uppermoſt line Tar 2709 3 


— 


Remains ie mean n it err 
Ga Moon = 5 O 4 32 37 


— 


Equation 


E. 


1, 


UT Þ UW 


* www reren & SA 


5, Semidiameter of the Earth's _—y 
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Equation of hiy mean diſtance, add 12 5 38 0 
——— 
Sun's true Diſtance from th Node © 6 10 32 


To which add x 12 77 6 0 © 
And the ſum will be it's 14 6 3 2 


Which is the Moon's true diſtance from her aſcend- 
ing Node at the true time of her being Full; and 
conſequently” the argument for finding her true 
Latitude at that time. Therefore, with this argu- 
ment, enter Table XVI. making proportions be- 
tween the latitudes belonging to the 6th and 7th 


| degree of the argument at the left hand (the figns 


being at the top) for the ro 32“, and it will give 


32/21” for the Moon's true latitude, which ap- 


pears by the Table to be ſouth deſcending. 

. To find the angle of the Moon's viſible parb with 
the Ecliptic. This may be ſtared at 5 35, with- 
out any error of g ge in the: Projection: of 
the Eclipſe. 

8. To find the Moon's. true bona motion F. the 


Sm. With their reſpective Anomalies; take out 


their horary motions from Table XVII. in page 
314; and the Sun's horary motion ſubtracted from 


the Moon's, leaves remaining the Moon's. true 


borary, motion from . Sun: in the Þteſens caſe 


30' 52", 
Now collect theſe F. lements rogerher for uſe, 
be True Time of Full Mica? in } f oy H. 15 0 
M. 176 ñĩ?«,nꝓęgh 3895 
; . „„ 1 5 
2. Moon's horizontal Parallax „ 28 
3. Sun's ſemidiameter — O 15 56 
4. Moon's ſemidiameter 0 O 15 38 
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© Theſe Elements being 18081 for! the conſtruc: 
tion of the Moon's Eclipſe 1 in May, 1762, proceed 
AS follows: 17 

Make a ſcale of any convenient length, as N, 
and divide it into 60 equal parts, each Part ſtand- 

for a minute of a, degree. 

* 1-4 the right line 4 CB (Fi ig. 3.) for part of 
the Ecliptic, and C D perpendicular thereto for the 
ſouthern part of 1 its Axis; the Moon having ſouth 
latitude, | 

Add the ſemidiameters of the Moon and Earth's 
ſhadow together, which, in this Eclipſe, will make 
$7. 15.3 and take this from the ſcale in your com: 
paſſes, and ſetting one foot in the point C as a 
center, with the other foot deſcribe Ne ſemicircle 
ADE; in one point of which the Moon's center 
will be. at dhe begin fg or the Eclipſe, and! in ano- 


ther, t "the. end. thereo 


Ta 8 the ſemidiameter of the Earth's 8 addy: 


1'.37.”, in your compaſſes from the ſcale, and ſet- 
tg) 10 Wy on the ante C, with the other foot 
Kit e Ns emit K LM for the ſouthern half 
of the Earth's th dow, becauſe! the Moon' J latitude 
js 111 25 hos * clipſe, 2 96 
eCD equa] to the Tadius of a find of chords 
on 4 fect 1. and, ſet off the 85 75 the Moon's 
viſible pat "with: the Eclij tic , from D to 
E, and draw the Tight line CE fs for "AL: Touthern 
Nabe the Axis We "the Moon's Orbit, lying to the 
and from the Axis of the Ecliptie C D, be- 
cauſe the Moon's latitude is ſouth' deſcending. — 
It would have been the ſame way (on the other 
fide of the Ecliptic) if her Latitude had been 
north ng but contrary in both oy if 
er 
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hav Latitude had been either north. aſcending or 
ſouth aſcending. | 

Biſect the angle D CE by the right line PL in 
which line, the true equal time. of oppolition of the 
Sun and Moon falls, as given by the Tables, 

Take the Moon's laticude, 32“ 21”, from the 
ſcale with your compaſſes, and ſet it from C ro G, 
in the line CGg; and through the point G, at right 
angles to CFE, draw the right line PUG FN Tor: 
the path of the Moon's center. Then, F ſhall be 
the point in the Earth's ſhadow, where the Moon's 
center is at the middle of the Eclipſe; G, the point 
where her center is at the tabular time of her. be- 
ing full; and Z, the point where her center 1s at 
the inſtant of her ecliptical oppoſition. 

Take the Moon's horary motion from the Son, 
30 52”, in your compaſſes from the ſcale; and 
with that extent make marks along the line of the 


Moon's path PG N: then divide each ſpace from, 
mark to mark, into 60 equal parts, or horary mi- 


nutes, and ſet the hours to the proper dots in ſach 
a manner, that the dot ſignifying the inſtant of 


Full Moon (viz. 50 minutes 50 ſeconds after III 


in the morning) may be in the point &, where the 
line of the Moon's Path cuts. the line "that biſe&s 
the ang le DOE. ah 
"Take the Moon”: s ſemidiameter, 15 38, in your 
compaſſes from the ſcale, and with that extent, as 
a radius, upon the points. N, F, and P, as centers, 
deſcribe the circle & for the Moon at the begin- 
ning of the Eclipſe” when ſhe touches the Earth's 
Badow at V; the circle R R for the Moon at the 


2 


middle of the Eclir pſe; and the circle & for the 


Moon at the end ef the Eclipſe, Juſt leaving the 
Earth's ſhadow, at . 
The point N "denotes the inſtant when the Eclip ſe 


begins, namely, at 15 minutes 10 ſeconds LEST 


in the morning: the point F the middle of the 


Eclipſe at 47 minutes 45 ſeconds paſt III; and 


the point P the end of the Eclipſe, ar 18 minutes 
2 4 after 
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An ontient Eclipſe of the Moon Arriba. 


after V. At the greateſt obſcuration the Moon! is 


10 WY: eclipſed. 


Concerning an antient Eddiphe of the Moon. 


It is recorded by Ptolemy, from Hipparchus, that 
on the 22d of September, the year 201 before the 


firſt year of Chriſt, the Moon roſe ſo much eclipſed 
at Alexandria, that the Eclipſe muſt have begun 


about half an hour before ſhe roſe, _ 

Mr. Carey puts down this Eclipſe in his Chro- 
nology as follows, among ſeveral other antient 
ones, recorded by « different authors, 


4513 P. M. Alerandr. Digeecct. 10. 547 
Sept. 22. [Projem. J. J. c. 11. J Mejor, 16, 


Jul. Per. Eel. ® Per. Calip. 2 Ar. 54. Hor. 7.  Nabonaſar 

That is, in the 4513th year of the Pullin period, 
which was the 547th year from Nabonaſſar, and the 
54th year of the ſecond Calippic period, on the r6th 


day of the month by 6-4 (which anſwers to the 
don was 10 digits eclipſed 


22d of Seplember) ) the 
at Alexandria, at 7.0 clock in the evening. 


Now, à8 our Saviour was born (according to the 
Dionyian, or vulgar Era of his birth) in the 4713th 
yea of the Jillian period, it is plain that the 45 13th 
year of that period. was. the 20th year before the 


year of Chriſt's birth; and conſequently 201 cars 
before the e year of Chriſt Jo 1882 n 8 1 5 
And, in the year 201, on the 22d of Se abr 
it appears by Example V. (page 322) chat the 
Moon 85 EA Af 5 i minutes 28 ſeconds paſt VII 
in the cbenin in the meridian of Aera 
At that time, the Sun's place was Virgo 260 14', 


N to our Tables; ſo that the Sun was 
h 4 degrees of the Autumnal Equinox: 


then with 
and according to calculation, he muſt have ſet at 
Alexandria about 5 minutes after VI, and about 
one degree north of the weſt, Th 

: 1e 


An antient Eclipſe of the Moon deſcribed. 

The Moon being full at that time, would have 
riſen juſt at Sunſer, about one degree ſouth of the 
eaſt, if ſne had been in either of her Nodes, and 
her viſible place not depreſſed by Parallax. 

But her parallactic depreſſion (as appears from 
her Anomaly, viz. 10* 66 nearly) muſt have been 
g5' 17 ”; which exceeded her whole diameter. by 
Ty 5 but then, ſhe muſt have been elevated 


93 45 by refraction; which, ſubtracted from her 


Parallax, leaves 21 "38 for her viſible or nt 
depreſſion. 


And her true latitude was 30˙ north deſcend- 


ing, which being contrary to her apparent depreſ- 


fon, and greater than the ſame by 8'.58”, her true 


time of riling muſt have been * about VI 
o'clock. 

Now, as the Moon roſe about: one degree ſouth 
of the Eaſt at Alexandria, where the viſible Hori- 
zon is land, and not ſea, we can hardly i imagine 


her to have been leſs than 15 or 20 minutes of time 


above the true Horizon before ſhe Was viſible. Fa 
It appears by Fig. 4, which: is a delineation of 
this Eclipſe reduced to the time at Alexandria, that 
the Eclipſe: began at 533 minutes after V in the 
erening; and conſequently 7 minutes before the 


Moon was in the Gbr Horn on: to Which, if we 
add 20 minutes for the interval between her,t true 
ring and her being viſible, we fall Have? 27 mi- 


nutes for the time that the Fclipfe © was begun 


before: rhe” Moon was viffbly riſen. >The middle 


of this Eclipſe was at 30 minutes paſt VII, when 
its quantity was almoſt 16 digits, and its ending 
was at 6 minutes paſt IX in the evening 80 that 
our Tables come as near to the recorded time of 
his Eclipſe aß can be expected, alter an 1 of 


A 3 10 229! 
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Of tbe fixed Stars. 11 
Why the 354. IHE Stars are ſaid to be fixed, becauſe 
xed Stars /, + | they have been generally obſerved to 


appear big- a 4 t 
ger when keep at the ſame diſtances from each other: their 
the bare ee, apparent diurnal revolutions being cauſed ſolely by 
than when the Earth's turning on its Axis. They appear of 
teen corough a ſenſible magnitude to the bare eye, becauſe the / 
a teleſcope. 8 ac 0 7 e, DECAUIe the 0 
retina is affected not only by the rays of light F 

which are emitted directly from them, but by WM , 

many thouſands more, which falling upon our eye- Ml } 

lids, and upon the aerial particles about us, are re- 
flected into our eyes ſo ſtrongly, as to excite. vi- 
brations not only in thoſe points of the retina where 
the real images of the Stars are formed, but alſo 
in other points at ſome diſtance round about. This 
makes us imagine the Stars to be much bigger 
than they would appear, if we ſaw them only by 
the few rays which come directly from them, ſo 
as to enter our eyes without being intermixed with 
others. Any one may be ſenſible of this, by 
looking at a Star of the firſt magnitude through a 
long narrow tube; which, though it takes in as 
Stars, it ſcarce renders that one viſible. 
The more a teleſcope magnifies, the leſs is the 
aperture through which the Star, is ſeen; and con- 
 ſequently the fewer rays it admits, into the eye. 

a proof that Now fince the Stars appear leſs in a teleſcope which 

by their magnifies 200 times than they do to the bare eye, 

= ewa light, inſomuch that they ſeem to be only indiviſible 
3 points; it proves at once that the Stars are at im- 
menſe diſtances from us, and that they ſhine by 
their own proper light, If they ſhone by bor- 
rowed light, they would be as inviſible without 


 releſcopes as the Satellites of Jupiter are: for theſe 
| Satellites 


_ 


1 


* 
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Gatellites appear bigger when viewed with a good 
teleſcope than the largeſt: fixed Stars do, _ 
355. The number of Stars diſcoverable, in ei- 
ther Hemiſphere, by the naked eye, is not above 
a thouſand, This at firſt may appear incredible, 


| | : 4 Their nume 
becauſe they ſeem to be without number: But the ,k 
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deception ariſes from our looking confuſedly upon lefs than is 


them, without reducing them into any order. For 
look but ſtedfaſtly upon a pretty large portion of 
the Sky, and count the number of Stars in it, and 


you will be ſurpriſed to find them ſo few. And, if 


one conſiders how ſeldom the Moon meets with 
any Stars in her way, although there are as-many 
about her path as in other parts of the Heavens, 
he will ſoon be convinced that the Stars are much 
thinner ſown than he was aware of. The Britiſh 
catalogue, which, beſides the Stars vilible to the 
bare eye, includes a great number which cannot 
be feen without the aſſiſtance of a teleſcope, con- 
tains no more than 3000, in both Hemiſpheres. 


generally 
imagined, 


356. As we have incomparably more light from The abſur- 


the Moon than from all the Stars together, it is 
the greateſt abſurdity to imagine that the Stars 
were made for no other purpoſe than to caſt a faint 


require the aſſiſtance of ' a good teleſcope to find 


them out, than are viſible without that inſtrument. 


Our Sun is ſurrounded by a ſyſtem of planets and 
Comets; all Which would be inviſtble from the 
neareſt fixed Star. And from what we already 
know eof the immenſe diſtance of the Stars, the 
neareſt may be computed at 32,000, ooo, ooo, ooo 
of miles from us, which is further than a cannon- 
bullet would fly in 7,000,000 of years. Hence it 
is eaſy to prove, that the Sun, ſeen from ſuch a 
diſtance, 'would appear no bigger than a Star of 


the firſt magnitude. From all this it is highly 


probable that each Star is a Sun to a ſyſtem of 
worlds moving round it, though unſeen by us; 
eſpecially, as the doctrine of plurality of worlds is 

; | rational, 


dity of ſuge 
poking the 
Stars were 
made only 
to ſhine up- 


light-upon the Earth: eſpecially ſince many more on u, ia the 


night. 
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of the fined Stars. 
rational, and greatly manifeſts the Power, Wiſdom, 
and Goodneſs of the Great Creator. 
det mg. 357. The Stars, on account of their apparently 
nitudes: Various magnitudes, have been diſtributed into 
ſeveral claſſes or orders. Thoſe which appear 


12 


next to them in luſtre, Stars of tbe ſecond magnitude; 
and ſo on to the xtb, which are the ſmalleſt that 
are viſible to the bare eye. This diſtribution hay- 
ing been made long before the invention of tele. 
ſcopes, the Stars which cannot be ſeen without the 
aſſiſtance of theſe inſtruments, are diſtinguiſhed by 
the name of Teleſcopic Stars. 5 
» Anddivicen 338. The antients divided the ſtarry Sphere into 
Kela ions. Particular Conſtellations, or Syſtems of Stars, ac- 
cording as they lay near one another, fo as to oc- 
cupy thoſe: ſpaces which the figures of different 
ſorts of animals or things would take up, if they 
were there delineated. And thoſe Stars which 
could not be brought into any particular Conſtel- 
lation, were called unformed Stars. | 


Theſeof 359. This diviſion- of the Stars into different 


them from one another, ſo that any particular Star 
may be readily found in the Heavens by means of 
a Celeſtial Globe; on which the Conſtellations are 
ſo delineated as to put the moſt remarkable Stars 
into ſuch parts of the figures as are moſt eaſily diſ- 
tinguiſhed. The number of the ancient Conſtel- 
lations is 48, and upon our preſent Globes about 
70. On Senex's Globes, Bayer's Letters are inſert- 
ed; the firſt in the Greek Alphabet being put to 
the biggeſt Star in each Conſtellation, the ſecond 
to the next, and ſo on; by which means, every Star 
is as eaſily found as if a name were given to it. 
Thus, if the Star y in the Conſtellation of the Ran 
be mentioned, every Aſtronomer knows as well 
what Star is meant, as if it were pointed out to him 
in the Heavens, | 
360, There 


"oF 


largeſt, are called Stars of the firſt magnitude; the 


Conſtellations or Aſteriſms, ſerves; to diſtinguiſh | 
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360. There is alſo a e of the Heavens The Z. ac. 
„ 15 three parts. 1. The Zodiac (gaudi ang) from 
oe Zodion an Animal, becauſe moſt of the Con- 
ellations in it, which are twelve in number, are 
0 the figures of Animals: as Aries the Ram, 7 aurus 
Jy the Bull, Gemini the Twins, Cancer the Crab, Leo 
e the Lion, Virgo the Virgin, Libra the Bilance, 
7 Scorpio the Scorpion, Sagittarius the Archer, Capri- 
i cornus the Goat, Aquarius the Water-bearer, and 
4 Piſces the Fiſnes. The Zodiac goes quite round 
the Heavens: it is about 16 degrees broad, ſo 


e that it takes in the Orbits of all the Planets, and 
} likewiſe the Orbit of the Moon, Along the mid- 

dle of this Zone or Belt is the Ecliptic, or Circle 

which the Earth deſcribes annually as ſeen from 

the Sun; and which the Sun appears to deſcribe 

as ſeen from the Earth. 2. All that Region of 

the Heavens, which is on the north ſide of the Zo- 

diac, contains 21 Conſtellations. And, 3d. That 

on the ſouth ſide, 19. 

361. The antients divided! the Zodiac into 3 3 
above 12 Conſtellations or Signs in the 2 e 
manner: They took a veſſel with a ſmall hole u 
the bottom, and having filled it with water; uk. 
fered the fame to diſtil drop by drop into another 
veſſel ſet beneath to receive itz! beginninglat t 
moment When ſome Star roſe; and e 
it roſe tlie next following night. The water fallen 
down into the recelver they divided into twelve 
equal parts; and having tw other ſmall veſſels in 
readineſs, each of them fit to contain one part, they 
again poured” all the Water into the upper veſſel, 
and Obferving the riſing of ſome Star inithe Zodiac, 
they at the ſame ne ſufferedi the water to drop 
into one of the ſmall veſſels; and às ſoon as it Was 
full they ſhifted it, and ſer an empty one in its 
place. When each veſſel was full, they took no- 
tice what Star of the Zodiac roſe; and though this 


could not wy done in ene night, yer in many, they 
obſerved 
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obſerved the rifing of twelve Stars or poifts, by which 
they divided the Zodiac into twelve Parts. 


362. The names of the Conſtellations, Ll the number 
of Stars obſerved in each of n by different ene 


mers, are as follows: : 


The ancient n b 


Urſa minor The Little Bear 
Urſa major I ̃ be Great Bear 
Draco The Dragon 
Cepheus Cepheus 


Bootes, Ardtophilax 
Corona Borealis 
Hercules, Engona/in Hercules Kneeling 


Lyra | The Harp 

Cygnus, Gallina The Swan ' 
Caſſiepea The Lady in her Chair 
Perſeus Perſeus | 
Auriga The Waggoner 
Serpentarius, Ophiuchus Serpentarius _ 

Serpens 7 The Serpent 
Sagitta The Arrow 

Aquila, Vultur The Eagle 8 
Antinous „ ens 
Delphinus The Dolphin 
Equulus, Tos /eftio The Horſe's Head 
Pegaſus, — The Flying Horſe 
Andromeda. Andromeda 
Triangulum The Triangle 
Aries a he ahm 
Taurus Dae e 5-5 
Gemini The 5 — ' A 
Cancer = The Crab 4 
Leo The Lind © i. - 
Coma Berenices Berenice's Hair * f 
Virgo be eise 
Libra, Chelæ The Scales 
Scorpius The Scorpioan 
Sagittarius | Tie Archer 
. 1 be Goat 
Aquarius 21701 The Water- bearer 
Piſces 187115529 e Te Fiess 
Cetus EE: fs The Whale _ os 
Orion „ (21301 26 
Eridanus, Fluuius Eridanus, the River 5 
Lepus ri The Hare 
Canis major The Great Dog 
Canis minor The Little Dog 


The Nonhern Crown | 


| Ptolemy Tre Hove, mes 


8 7 
35 29 
3 
13 4 
„ 
8 8 
. 
1 Ix; 
19 18 
13 26 
29 29 
14 9 
1 
18 13 

3 ito) 
— © US 
I 2 
e . 
10 10 
5 
9 
23 23 
5 
18 21 
25 25 
32 % Nd. 
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22-10 
31 14 
28 28 
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I The anciept Conſtellations. » Ptolemy, Tycho, Hevel. Flamſt, 
Argo The Ship To 45. 180, 4 Ma 
Hydra The Hydra 127 19 31 6 
Crater The Cup 71 26 
Corvus The Crow „ LES 9 
Centaurus The Centaur „ 35 
Lupus The Wolf 19 24 
Ara | The Altar 7 9 
Corona Auſtralis The Southern Crown 13 12 
Piſcis Auſtralis The Southern Fiſh 18 24 
The New Southern Conſtellations. 
Columba Naochi * Noah's Dove 10 
Robur Carolinum The Royal Oak 12 
Gras The Crane 13 
Phoenix The Phenix 13 
Indus The Indian 12 
Pavo Toy The Peacock 14 
Apus, Avis Indica The Bird of Paradiſe IT 
Apis, Muſca The Bee or F 4 
Chamzleon' The Chameleon 10 
Triangulum Auſtralis The South Triangle Pg 
Piſcis volans; Paſſer The Flying Fiſh 8 
Dorado, Xiphias 'The Sword Fiſh 6 ö 
Toucan The American Gooſg " hd 
Hydrus The Water Snake 10 


Heveliuss Conſtellations made out of the unformed Stars. 


Leo minor | © 

Aſteron and Chara 

„ WAA < 
Vulpecula and Anſer 

Scutum Sobieſki 

Lacerta 

Camelopardalus 

M onoceros | 

Sextans 


; 363. There is a remarkable . ö 
Heavens, called the Milky Way, from its peculiar 


*Fhe Lynx OC 
The Little Lion 
The Greyhounds 
Oerberus 


The Fox and Gooſe 


Sobieſki's Shield _ 

J ER 
The Camelopard 
The Unicorn 
The Sextant 


1 * * 2571 
9 * 4 A7 


19 


23 

4 
27 
EF 4 
32 
19 
11 


whiteneſs, which was formerly thought to be 
owing to a vaſt number of very ſmall Stars therein: 
but the teleſcope ſnews it to be quite otherwiſe; 


and therefore its rhiteneſs mult be owing to 


ſome 
other 


Heveliut. Flanff, 


— * 1 
track round the The Mili 


4 


$52 Of Lucid Spots in the Heavens, 
bother cauſe. This track appears ſingle in ſome 

ts, in others double. 
LucidSpots, 364. There are ſeveral little whitiſh ſpots in the Ml © 
Heavens, which appear magnified, and more lumi- a 

nous when ſeen through teleſcopes ; yet without 0 

any Stars in tkem. One of theſe is in Andromeds's Ml * 

girdle, and was firſt obſerved A. D. 1612, by Simon g 
Marius it has ſome whitiſh rays near its middle, c 

is liable to ſeveral changes, and is ſometimes invi- . 

ſible. - Another is near the Ecliptic, between the 

head and bow of rs : it is ſmall, but very t 


luminous. A third is on the back of the Centaur, 8 
which is too far ſouth to be ſeen in Britain. A ſ 
fourth, of a ſmaller ſize, is before Autinous's right 5 


foot, having a ſtar in it, which makes it appear 
more bright. A fifth is in the Conſtellation of 8 
Hercules, between the Stars & and a, which ſpot, 
though but ſmall, is viſible to the bare eye, if the 
Sky be clear, and the Moon abſent. 3 
Cloudy 365. Cloudy Stars are ſo called from their miſty 
stan. appearance. They look like dim Stars to the Ml © 
naked eye; but through a teleſcope they appear 


broad illuminated parts of the Sky; in ſome of il © 
which is one Star, in others more. Five of theſe br 
are mentioned by Ptolemy. 1. One at the extre- f 


mity of the right hand of Perſeus. 2. One in the 
middle of the Crab. 3. One unformed, near the t 
Sting of the Scorpion. 4. The eye of Sagittariu. WM _ 
5. One in the head of Orion. In the firſt of theſe il ©© 
appear more Stars through the teleſcope than in 
any of the reſt, although 21 have been counted in 
the head of Orion, and above 40 in that of the il 
Crab, Two are viſible in the eye of Sagittarius 10 
without a teleſcope, and feveral more with it. 
Flamfteed obſerved a cloudy Star in the bow of ; 
Sagittarius, containing many ſmall Stars : and the 
Star d above Sagittarius's right ſhoulder is encom- 6 
paſſed with ſeveral more. Both Caſſini and Flam- 17 
_ - fixed diſcovered one between the Great and Little | 


Dog, which is very full of Stars viſible only by the 
* | teleſcope. 
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teleſcope. The two whitiſh Spots near the South 
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Pole, called the Magellanic Clouds by Sailors, which Magelanie 


to the bare eye reſemble part of the Milky Way, 
appear through teleſcopes to be a mixture of ſmall 
Clouds and Stars. 
the cloudy Stars is that in the middle of Orion's 
Sword, where ſeven Stars (of which three are very 
cloſe together) ſeem. to ſhine through a cloud, very 
Jucid near the middle, but faint, and ill ei 
about the edges. It looks like a gap in the ſky, 
through which one may ſee (as it were) part of a 
much brighter region. Although moſt of theſe 
ſpaces are but a few minutes of a degree in breadth, 
yet, ſince they are among the fixed Stars, they muſt 
be ſpaces larger than what is occupied by our Solar 
Syſtem; and in which there ſeems to be a perpe- 
tual uninterrupted day among numberleſs Worlds, 
which no human art ever can diſcover. 


But the moſt remarkable of all 


Clouds, 


366. Several Stars are mentioned by ancient Chanees in 
Aſtronomers, which are not now to be found; and He 


others are now viſible to the bare eye which are 
not recorded in the ancient catalogue. Hipparchus 
obſerved a new Star about. 120 years before CHRISTH; 


but he has not mentioned in what part of the Hea- 


vens it was ſeen, although it occaſioned his making 
a Catalogue of the Sears which is the moſt ancient 
that we have. 


venus. 


— 4 


The firſt New. Star hat we have any good a ac- New stan. 


count of, was diſcovered. by Cornelius Gemma on 
the 8th of . November A. D. 1 572, in the- Chair, of 
Coſhepea. It ſurpaſſed Sirius in brightneſs», and 


e and was ſeen for 16 months ſucceſ- 


lively... it appeared bigger than Jupiter to 


ſome e which it was ſeen, at mid-day : : after-, 
wards it decayed gradually. both in magnitude and 


luſtre, until March 1573, when it became inviſible. 


On the 13th of Auguſt 1596, David. Fabricius 
obſerved the Stella Mira, or wonderful Star, in the 


Neck of the Whale ; which has been ſince found to 


appear and diſappear periodically ſeven times in 


AS. ſix 
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ſix years, continuing in the greateſt luſtre for 15 
days together; and is never quite extinguiſhed, 

In the year 1600, William Fanſenius diſcovered a 
changeable Star in the Neck of the Swan; which, 
in time, became ſo ſmall as to be thought to dif. 

appear entirely, till the years 1657, 1658, and 
1659, when it recovered its former luſtre and 
magnitude ; but ſoon decayed, and is now of the 
ſmalleſt ſize. 

In the year 1604, Kepler and ſeveral of his 3 
ſaw a new Star near the heel of the right foot of 
Serpentarius, ſo bright and ſparkling, that it ex- 
ceeded any thing they had ever ſeen before; and 
took notice that it was every moment changing into 
ſome of the colours of the rainbow, except when it 
wWoas near the Horizon, at which time it was gene- 

1 rally white. It ſurpaſſed Jupiter in magnitude, 
which was near it all the month of Ocfober, but 
eaſily diſtinguiſhed from Jupiter, by the ſteady 
light of that Planet. It diſappeared between O#obrr 
1605 and the February followings. and has not been 
ſeen ſince that time. 
In the year 1670, Jah 15, Hevelius diſcovered 
new Star, which in Oober, was ſo decayed as to be 
ſcarce perceptible. In April following it W 
its luſtre, but wholly, diſappeared in Auguſt. 
March 1672 it was ſeen again, bur "ory fall 
and has not been viſible ſince. wh 
In the year 1686 a new Star wil diſcovered by * 
| Kireh, which returns periodically. i in. 494 days. 15 v 
In the year 1672, Caſſini ſaw a Star in the Neck Wl ce 
of the Bull, which he thought was not viſible in © 
. Tycho's time; nor when Bayer made his Figures. 4 
Cannot be 367. Many Stars, beſides thoſe above mentioned, B. 
Comets. have been obſerved to change their magnitudes; iſ St 
and as none of them could ever be perceived to 
have tails, it is plain they could not be, Comets; 
eſpecially as they had no Parallax, even when largeſt me 
and brighteſt. It would ſeem that the periodical i m 


Stars have vatt cluſtres of dark wo, and vl = 
ow 
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flow rotations on their Axes; by which means, 
they muſt diſappear when the ſide covered with 
ſpots is turned towards us. And as for thofe which 


- break out all of a ſudden with ſuch luſtre, it is by 


no means improbable that they are Suns whoſe 
fuel is. almoſt ſpent, and again ſupplied by ſome 
of their Comets falling upon them, and occaſion- 
ing an uncommon blaze and ſplendor for ſome 
time : which indeed appears to be the greateſt uſe 
of the cometary part ob any ſyſtem * + 

Some of the Stars, particularly Arcturus, have 
been obſerved to change their places above a mi- 
nute of a degree with reſpect to others. But whe- 
ther this be owing to any real motion in the Stars 
themſelves, muſt require the obſervations of many 
ages to determine. If our Solar Syſtem changeth 
its place, with regard to abſolute ſpace, this muſt 
in proceſs of time occaſion an apparent change in 


the diſtances of the Stars from each'other : and in. 
ſuch a caſe, the places of the neareſt Stars to us 


being more affected than thoſe which are very re- 


mote, their relative poſitions muſt ſeem to alter, 


though the Stars themſelves were really immove- 


able. On the other hand, if our on Syſtem be at 


reſt, and any of the Stars in real motion, this muſt 
vary their poſitions; and the more ſo, the nearer 


M. Maupertuis, in his diſſertation on the figures of the 
Celeſtial Bodies (p. 61—63) is of opinion that ſome Stars, by 
their prodigious quick rotations on their Axes, may not only 


aſſume the figures of oblate ſpheriods, but that by the great 
centrifugal force, ariſing from ſuch rotations, they may be- 
come of the figures af mill-ſtones ; or be reduced to flat cir- 


Some Stars 
change their 
Places. 


cular planes, ſo thin as to be quite inviſible when their edges 


are turned towards us: as Saturn's Ring is in ſuch poſi ions. 


But when any eccentric Planets or Comets go round any flat 
Star, in Orbits much inclined to its Equator, the attraction 
of the Planets or Comets in their Perihelions muſt alter the in- 
clination of the Axis of that Star; on which account it will 
appear more or leſs large and luminous, as its broad ſide is 
more or leſs turned towards us. And thus he imagines we 
may account for the apparent changes of magnitude and luſtre 


in thoſe Stars, and likewiſe for their appearing and diſappear- 


ing. 


A a2 they 
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they are to us, or ſwifter their motions are; or the 
more proper the direction of their motion is, for 
our perception. 
The Ectip- 368. The obliquity of the Eeliptic to the Equi- 
tie leſs ob- noctial is found at preſent to be above the third 
abe noe Part of a degree leſs than Ptolemy found it. And 
than for= moſt of the obſervers after him found it to decreaſe 
nah. gradually down to Tycho's time. If it be objected, 
that we cannot depend on the obſervations of the 
ancients, becauſe of the incorrectneſs of their In- 
ſtruments; we have to anſwer, that both Tycho and 
Flanſtead are allowed to have been very good ob- 
ſervers; | and yet we find that Flamſtead makes 
this obliquity 23 minutes of a degree leſs than 
Tycho did, about 100 years before him: and as 
Plolemy was 1324 years before Tycho, ſo the gra- 
dual decreaſe anſwers nearly to the difference of 
time between theſe three Aſtronomers. If ve 
conſider, that the Earth is not a perfect ſphere, but 
an oblate ſpheriod, having its Axis ſhorter than 
its equatorial diameter; and that the Sun and 
Moon are conſtantly acting obliquely upon the 
greater quantity of matter about the Equator, 
pulling it, as it were, towards a nearer and nearer 
co- incidence with the Eeliptic; it will not appear 
improbable that theſe actions ſhould gradually di- 
miniſn the Angle between thoſe Planes. Nor is it 
leſs probable that the mutual attraction of all the 
Planets ſhould have a tendency to bring their Or- 
bits to a co- incidence: but this change is too mal} 
to become Oy! in many Wer. eee 
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Of the Diviſio on of Time. 4 perpetual Table of New 
Moons. The Times of the Birth and Death of 
CnrIsT. A Table of remarkable Aras or Events. 


89. T parts of Time are Seconds, Minutes, 
Hours, Days, Years, | Coles, Her, and 
Periods. 

370. The original ſtandard, or integral meaſure A Yer, 
of Time, is a Year; which 1s determined by the 
Revolution of ſome Celeſtial Body in its Orbit, 
viz. the Sun or Moon. 

371. The Time meaſured by the Sun's Revolu- Tropical 
tion in the Ecliptic, from any Equinox or Solſtice TT 
to the ſame again, is called the Solar or Tropical 
Year, which contains 365 days, 5 hours, 48 mi- 
nutes, 57 ſeconds; and is the only proper or na- 
tural year, becauſe it always keeps the lame. ſca- 
ſons to the ſame months. 

372. The quantity of time wean by the Sydereal 
Sun's Revolution as from any fixed Star to the *. 
ſame Star again, is called the Sydereal Year ; which 
contains 365 days, 6 hours, 9 minutes, 142 ſe- 
conds; and is 20 minutes, 175 ſeconds longer 
than the true Solar Lear. 

373. The time meaſured by twelve 3 Lox Ya 
of the Moon, from the Sun to the Sun again, is 
called the Lunar Tear; it contains 354 days, 8 


hours, 48 minutes, 36 ſeconds; and is therefore 


10 days, 21 hours, o minutes, 21 ſeconds, ſhorter 
than the Solar Year, This is the foundation of 
the Epact. 
374. The Civil Near is that which is in common ci Yer. 
uſe among the different nations of the world; of 
which, ſome reckon by the Lunar, but moſt by 
the Solar. The Civil Solar Year contains 365 days, 
for three years running, which are called Common 
Years ; and then comes in what is called the Bijſex- 
A *3 lil 
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tile or Leap. year, which contains 366 days. This 
is alſo called the Julian Year on account of Julius 
Cæſar, Who appointed the Intercalary day every 


and Solar Year keep pace together. And this 
day, being added to the 23d of February, which in 
the Roman Calendar was the ſixth of the Calends 


name Biſſextile for that year. But in our common 


Almanacks this day is added at the end of February. 


| LunuYear. 375. The Civil Lunar Year is alſo common or 

intercalary. The common Year conſiſts of 12 
_ Evnations, which contain 354 days; at the end of 
which, the year begins again. The Intercalary, or 


Fabolhmic Year, is that wherein a month was added, 
to adjuſt the Lunar Year to the Solar. This me- 


thod was uſed by the eus, who kept their account 


by the Lunar Motions. But by intercalating no 
more than a month of 30 days, which they called 


Ve-Adar, every third year they fell 34 days ſhort 
of the Solar Year in that time. | 


Raman Fear. 376. The Romans alſo uſed the Lunar Emboli- 


mic Year at firſt, as it was ſettled by Romulus their 
firſt King, who made it to conſiſt only of ten 


months or Lunations; which fell 61 days ſhort of 


the Solar Year, and fo their year became quite 


vague and unfixed; for which reaſon they were 


forced to have a Table publiſned by the High- 


Prieſt, to inform them when the ſpring and other 


ſeaſons began. But Julius Cz/ar, as already men- 
tioned, & 374, taking this troubleſome affair into 


conſideration, reformed the Calendar, by making 


the year to conſiſt of 365 days, 6 hours. 

The origi- 377. The year thus ſettled, is what was uſed in 
_ ab Reta till A. D. 17521 but as it is ſomewhat more 
« H than 11 minutes longer than the Solar Tropical Year, 
* the times of the Equinoxes go backward, and fall 


carlier by one day in about 130 years. In the time 


of 


fourth year, thinking thereby to make the Civil 


of March, that ſixth day was twice reckoned, or 
the 23d and 24th were reckoned as one day; and 
was called Bis ſextus dies, and thence came the 


2 
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of the Nicene Council (A. D. 325) which was 1439 
years ago, the Vernal Equinox fell on the 2 iſt of 
March: and if we divide 1444 by 130, it will 
quote 11, which is the number of days the Equi- 
nox has fallen back ſince the Council of Nice. 
This cauſing great diſturbances, by unfixing the 
times of the celebration of Eaſter, and conſequently 
of all the other moveable Feaſts, Pope Gregory the 
XIII. in the year 1582, ordered ten days to be at 
once ſtruck out of that year; and the next day 
after the fourth of O#ober was called the fifteenth, 
By this means the Vernal Equinox was reſtored to 
the 21ſt of March; and it was endeavoured, by 
the omiſſion of three intercalary days in 400 years, 
to make the Civil or Political year keep pace with 


the Solar for the time to come. This new form 


of the year 1s called the Gregorian Account, or New 
Stile; which is received in all countries where the 
Pope's authority is acknowledged, and ought to 


be in all places where truth is regarded. 


378. The principal diviſion of the year is into 
Months, which are of two forts, namely, Aftronomi- 
cal and Civil. The Aſtronomical month is the time 
in which the Moon runs through the Zodiac, and 


is either Periodical or Synodical. The Periodical 


Month is the time ſpent by the Moon in making 
one complete Revolution from any point of the 
Zodiac to the ſame again; which is 2747 43. 
The Synodical Month, called a Lunation, is the time 
contained between the Moon's parting with the 
Sun at a Conjunction, and returning to him again; 
which is 294 12 44”. The Civil Months are thoſe 
which are framed for the uſes of civil life; and 
are different as to their names, number of days, 
and times af beginning, in ſeveral different Coun- 
tries. The firſt Month of the 7ewiſb Year fell ac- 
cording to the Moon in our Auęguſt and September, 
Old Stile; the ſecond in September and Odtober; 
and ſo on. The firſt month of the Egyptian Year 
began on the 29th of our Auguſt. The firſt month 
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of the Arabic and 7 urkiſh Year began the 16th of 


Juby. The firſt month of the Grecian Year fell ac- 


cording to the Moon in June and Fuly, the ſecond 


in Juy and Auguſt, and ſo on, as in the api 


Table. | 
379. A month is divided into four parts called 


oY and a Week into ſeven. parts called Days; 


ſo that in a Julian year there are 13 ſuch Months, 
or 52 Weeks, and one Day over, The Gentiles 
gave the names of the Sun, Moon, and Planets, to 
the Days of the Week. To the firſt, the Name of 
the Sun; to the ſecond, of the Moon; to the third, 
of Mars ; to the fourth, of Mercury; to the fifth, 


of Jupiter; to the ſixth, of n. and to the 


ſeventh, of Saturn. 


—— wrote * n 


Na Ihe Jewiſh year. 7 Pays 
— | ren -—_ — — — — — i a — 1 
1[Tiſri — — — Aug. — Sept. 30 
2 Marcheſvan — — Sept. — Oct. 29 
3 Caſleau — — — Oct. — Nov. 30 
4 [Tebetng — — — Nov. — Dec. 29 

5 Shebat — = — Dec. —Jan. | 30 
 G[Adar — — — Jan. — Feb. 14-48 
7|Niſan or Abib — Feb. - Mar. 30 
8 Jiar — — — Mar. — Apr. 29 
9[Sivan — — — Apr. May | 30 
10 Tamuz — — — May — June 29 
11[ Ab — — — June — July 30 | 
120 Elul——— July —Aug., | 29 
— — 552 —— 
Days in the year = — | nn £1.354 
In the Embolimic year $77 Adar they added a a 
8 . called Fe- Agar of go” . if 
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f 


—m— — — ——ů— — 


Tho — — — Auguſt 29 30 
2 Paophi — — — Septemper 28 30 
3 Athir — — — October 28 30 / 
4 Tybi — — December 27 30 
6 
7 
8 


We aww · . © 


[ January 26 30 
Phamenoth February 25 30 


Parmuthi— 
— 


nnn. 


a Epagomenæ or da 


1 


| Days in the year „ Ja 365 | 


_.4 
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No] The Arabic and Turkiſh year. I Days 


— ˙ 


July 16 30 
Avuguit. 1 | £0 
September 13 | 30 
October 13 29: 
November 1130 
December 11 
January 
February 
— March 
— 
— May 
— June 


* e " — 9 ms 21. 
— 8 ad 


IMuharram 
2J[Saphar— 
3 Rabia IJ. 
4 Rabia II. 
5 Jomada I. 
6 Jomada II. 
7[Rajab — 
8 Shaſban 
9 Ramadam 
10 Shawal 
110 Dulhaadah 
12 Dulheggia 
Days in the year — — — | 354 
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The Arabians add 11 days at the end of every year, 
which keep the ſame monthʒ to the ſame ſeaſons. 
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[N+| The ancient Grecian year, Dayg 
1 VTV 
1 |Hecatombzon — — June July 30 
| 2 [Metagitnion - — — July —-Aug. 29 
| 3|Boedromion — — Aug. — Sept. 30 
4 Pyanepſion — — Sept. — Oct. 29 
{ 5|MaimaCterion — — Oct.— Nov. 30 
{| 6|Poſideoen — -<— — Nov. — Dec. 29 
| . 7 |Gamelion — — — Dec. —Jan. 30 
| $|Antheſterion — — Jan. — Feb. 29 
9 Elaphebolion — — Feb. — Mar. 30 


10 Municheon — — — Mar.— Apr. 29 
110 Thargelion — — — Apr. —- May 30 
120 Schirrophorion — — May June | 29 


Days in the year — — — — [354 


380. A Day is either Natural. or Artificial, The 
Natural Day contains 24 hours; the Artificial, the 
time from Sun-riſe. to Sun-ſet. The Natural Day 


is either Afronomical or Civil. The Aſtronomical 


Day begins at Noon, becauſe the increaſe and de- 
creaſe of Days tenminated by the Horizon ere very 


unequal. among themſelves; which inequality is 
likewiſe augmented: by the inconſtancy of the hori- 
Zontal Refractions & 183 ; and therefore the Aſtro- 


nomer takes the Meridian for the limit of diurnal 


Revolutions; reckoning Noon, that is, the inſtant 


when the Sun's center is on the Meridian, for the 


beginning of the Day. The Britiſh, French, Dutch, 


Germans, Spaniards,” Portugueſe, and Egyptians, be- 
gin the Civil Day at Midnight: the ancient Greets, 
Jews, Bobemians, Silefians, with the modern Halians, 
and Chineſe, begin it at Sun- ſetting: and the an- 


cient Babylonians, Perſians, Syrians, with the modern 
Greeks, at Sun-riſing. | - 


381, An Hour is a certain determinate part of 
the Day, and is either equal or unequal. An equal 
Hour is the 24th part of a mean natural Day, as 

| ſhewn 
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thewn by well-regulated Clocks and Watches; but 


theſe Hours are not quite equal as meaſured by 
the returns of the Sun to the Meridian, becauſe 
of the obliquity of the Ecliptic and Sun's unequal 
motion in it, & 224—245. Unequal Hours are 
thoſe by which the Artificial Day is divided into 
twelve Parts, and the Night into as many. | 
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382. An Hour is divided into 60 equal parts Minutes, 
called Minutes, a Minute into 60 equal parts called ids, 28d 
Seconds, and theſe again into 60 equal parts called $cruples, 


Thirds. The Jews, Chaldeans, and Arabians, divide 


the Hour into 1080 equal parts called Scruples ; 
which number contains 18 times 60, ſo that one 
minute contains 18 Scruples. 


/ 


383. A Cycle is a perpetual round, or circula- oeh of 


1 8 1 the Sun 
tion of the ſame parts of time of any fort, The 1, 404 


Cycle of the Sun is a revolution of 28 years, in which 1ndiation. 


time the days of the months return again to the 
ſame days of the week ; the Sun's Place to the 
ſame Signs and Degrees of the Ecliptic on the 
ame months and days, ſo as not to differ one de- 
gree in 100 years; and the Leap-years begin the 
ſame courſe over again with reſpect to the days of 
the week on which the days of the months fall. 
The Cycle of the Moon, commonly called the Golden 
Number, is a revolution of 19 years; in which time, 
the Conjunctions, Oppoſitions, and other Aſpects 


of the Moon, are within an hour and half of 


being the ſame as they were on the ſame days of 
the months 19 years before. The Indiction is a re- 
volution of 15 years, uſed only by the Romans for 
indicating the times of certain payments made by 
the ſubjects to the Republic: It was eſtabliſhed by 
Conſtantine, A. D. 312. WANG) een ee 


384. The year of our Savroun's Birth, accord. xe find the 
ing to the vulgar Era, was the gth year of the — 


Solar Cycle; the firſt year of the Lunar Cycle; 
and the 312th year after his birth was the firſt year 


of the Roman Indiction. Therefore, to find the 


year of the Solar Cycle, add 9 to any given * 
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of Cuxtsr, and divide the ſum by 28, the Quotient 
is the number of Cycles elapſed ſince his birth, 
and the remainder is the Cycle for the given year; 
if nothing remains, the Cycle is 28. To find the 
Lunar Cycle, add 1 to the given year of Chu sr, 
and divide the ſum by 19; the Quotient is the 
number of Cycles elapſed in the interval, and the 
remainder is the Cycle for the given year: if no- 
thing remains, the Cycle is 19. Laſtly, ſubtract 
312 from the given year of CHRIST, and divide 
the remainder by 15; and what remains after this 
diviſion is the Indiction for the given 178 if no- 

thing remains, the Indiction is 15. 
The tefici- 385. Although the above deficiency in the Lu- 
Loder Cy. nar Cycle of an hour and half every 19 years 
bene be but ſmall, yet in time it becomes ſo ſenſible as 
Mena, to make a whole Natural Day in 310 years. So 
that, although this Cycle be of uſe, when the Golden 
. Numbers are rightly placed againſt the days of the 
months in the Calendar, as in our Common Prayer 
Books, for finding the days of the mean Conjunc- 
tions or Oppoſitions of the Sun and Moon, and 
conſequently the time of Eaſter; it will only ſerve 
for 310 years, Old Stile. For as the New and Full 
Mopas, anticipate a day in that time, the Golden 
Numbers ought to be placed one day earlier in the 
Calendar for the next 310 years to come, Thele 
e 3 were rightly placed againſt the days of 
New, Moon in the Calendar, by the Council of 
Mee, A. D. 325; but the anticipation, which has 
been neglected eyer ſince, is now grown almoſt 
into g days; and therefore all the Golden Num- 
bers, ought now to be placed 5 days higher in the 
Calendar for the, Old Stile than they were at the 
time i the ſaid Council; or ſix days lower for the 
New Stile, becauſe at preſent it differs 11 days 

from the Od. E751 te 

How to find 386. In the annexed Table, Fa Golden Num- 
the det bers under the months ſtand againſt the days of 


Moon by the New Moon in the left hand column, for the New 


Golde. : 
Nalnher, Slile; 
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Stile; adapted chiefly to the ſecond year after 


Leap-year, as being the neareſt mean for all the 


four; and will ſerve till the year 1900. There. 
fore, to find the day of New Moon in any month 


of a given year till that time, look for the Golden | 


Number of that year under the deſired month, and 
againſt it, you have the day of New Moon in the 
left-hand column. Thus, ſuppoſe it were required 
to find the day of New Moon in September 17 5); 
the Golden Number for that year is 10, which ] 
look for under September, and right againſt it in the 
left-hand column I find 13, which is the day of 


New Moon in that month. V. B. If all the Golden 


Numbers, except 17 and 6, were ſet one day lower 


in the Table, it would ſerve from the beginning 


of the year 1900 till the end of the year 2199. 


The firſt Table after this Chapter ſhews the Golden 


Number for 4000 years after the birth of CHRIST; 
by looking for the even hundreds of any given year 


at the left hand, and for the reſt ro make up that 


year at the head of the Table; and where the co- 


lumns meet, you have the Golden Number (which 


is the ſame both in Old and New Stile) for the 

given year. Thus, ſuppoſe the Golden Number 

Was wanted for the year 1757; I look for 1700 at 

the left hand of the Table, and for 57 at the top 

of it 5 then guiding my eye downward from 57 to 
I 


over againſt 


A perpetual 
Table of the 
time of New 
Moon to the 
neareſt hour, 
for the 0/d 
Stile. 


— 
# 


700, I find 10, which is the Golden 


Number for that year, 


387. But becauſe the Lunar Cycle of 19 years 
ſometimes includes five Leap-years, and at other 
times only four, this Table will ſometimes vary a 
day from the truth in Leap-years after Februar). 
And it is impoſſible to have one more correct, un- 


leſs we extend it to four times 19 or 76 years; in 
which there are 19 Leap-years without a remain- 


der. But even then to have it of perpetual uſe, it 

muſt be adapted to the Old Stile; becauſe in every 

centurial year not diviſible by 4, the regular courſe 

of Leap- years is interrupted in the New; as ys 
1 
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be the caſe in the year 1800. Therefore, upon 
the regular Old Stile plan, I have computed the 
following Table of the mean Times of all the New 
Moons to the neareſt hour for 76 years; begin- 
ning with the year of CHRIST 1724, and ending 
with the year 1800. 


This Table may be made perpetual, by deduct. 


ing 6 hours from the time of New Moon in any 
given year and month from 1724 to 1800, in or- 


der to have the mean Time of New Moon in any 


year and month 76 years after ward; or deducting 


12 hours for 152 years, 18 hours for 228 years; 


and 24 hours for 304 years: becauſe in that time 
the changes of the Moon anticipate almoſt a com- 
plete natural day. And if the like number of 


hours be added for ſo many years paſt, we ſhall 


have the mean time of any New Moon already 
elapſed. Suppoſe, for example, the mean time of 
Change was required for January 1802; deduct 
76 years, and there remains 1726, againſt which, 
in the following Table, under January, I find the 
time of New Moon was on the 21ſt day, at 11 in 
the evening : from which take 6. hours, and there 
remains the 21ſt day, at 5 in the evening, for the 
mean time of Change in January 1802. Or, if the 
time be required for May, A, D. 1701, add 76 
years, and it makes 1777, which I look for in the 
Moon in that year falls on the 25th day, at 9 in 
the eyening; to which add 6 hours, and it gives 


the 26th day, at 3 in the morning, for the time of 


New Moon in May,, A. D. 1701. By this addi- 
tion for time paſt, or ſubtraction for time to come, 
the Table will not vary 24 hours from the truth 
in leſs than 14592 years. And if, inſtead of 6 
hours for every 7 years, we add or ſuhtract only 


1 0 


millions of years. 


5 hours 52 minutes, it will not vary a day in 10 


Although 
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Although this Table is calculated for 76 yeary 


only, and according to the Old Stile, yet by means 
of two eaſy Equations it may be made to anſwer 


as exactly to the New Stile, for any time to come. 


Thus, becauſe the year 1724 in this Table is the 
firſt year of the Cycle for which it is made; if 
from any year of CRIST after 1800 you ſubtract 
1723, and divide the overplus by 76, the quotient 
will ſhew how many entire Cycles of 76 years are 
elapſed ſince the beginning of the Cycle here pro- 
vided for; and the remainder will ſhew the year 
of the current Cycle anſwering to the given year 
of Carisr. Hence, if the remainder be o, you 
mult inftead thereof put 76, and leſſen the Quo- 
tient by unity. 

Then, look in the left-hand column of the Table 
for the number in your remainder, and againſt it 
you will find the times of all the mean New Moons 
in that year of the preſent Cycle. And whereas 


in 76 Julian years the Moon anticipates 5 hours 


2 minutes, if therefore theſe 5 hours 52 minutes 


be multiplied by the above-found Quotient; that is, 


by the number of entire Cycles paſt ; the product 
ſubtracted from the times in the Table will leave 
the corrected times of the New Moons to the 0%½ 
Stile; which may be reduced to the New Stile thus: 

Divide the number of entire hundreds in the 
given year of CRRISsT by 4, multiply this quotient 
by 3, to the product add the remainder, and from 


their ſum ſubtra@ 2: this laſt remainder denotes 


the number of days to be added to the times above 


_ corrected, in order to reduce them to the New Stil.. 


The reaſon of this is, that every 400 years of the 
New Stile gains 3 days upon the Old Stile: one of 
which it gains in each of the centurial years ſuc 
ceeding that which is exactly diviſible by 4 without 
a remainder; but then, when you have found the 
days ſo gained, 2 muſt be ſubtracted from theit 
number on account of the rectifications made in 


the Calendar by the VO of Nice, and ſince by 
I Pope 
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Pope Gregory, It muſt-alſo be obſerved, that the 


additional days found as above directed, do not 


take place in the centurial Years which are not 
multiples of 4 till February 29th, Old Stile, for on 
that day begins the difference between the Stiles; 
till which day, therefore, thoſe that were added in 
the procectng years muſt be uſed. The following 
Example will make this accommodation plain, 


Required rhe mean time of New Moon in June, A. D. 
1909, N. S. 
From 1909 take 1723 
years, and there remains 186 
Which divided by 76, 
gives the quotient 2 
and the remainder —- 34 


Then, againſt 34 in the 


Table 1 is June — — 5˙ 8* o® Afternoon. 
And 5* 52" multiplied by 

2 make to be ſubtr.— 
Remains the mean time 

according to the Old 

Stile, June — — — 5 9 16" 
Entire hundreds in 1909 

are 19, which divide by | 

4, Quotes — — : 4 
And leaves a remainder of 1 
Which quotient multipli- 


ed by 3 makes 12, and | 

the remainder added 

Makes — — — —— 19 
From which ſubtract 2, 47.6 1 

and their remains - ung a 


Which number of days t 2ni6% 11 5, 


added to the above time, 3 


Old Stile, gives . — m 9 wh Morn. N.s. 
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Ir days be added to the time of any Nen 


Moon in this Table, it will give the time thereof 
according to the New Stile till the year 1800, 
And if 14 days 18 hours 22 minutes be added to 
the mean time of New Moon in either Stile, it will 
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f = 4 r the times ts of al all The mean Changes of the: 
| g Moon, 70 the neareſt, Hour, through four Lunar Periods, | 
a "1 ee Jears. M Aignifies morning, A afternoon. | 
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Faſter Cycle 388. The Cycle of Eaſter, alſo called the Hionyſſan 


deficient Period, is a revolution of 5 32 years, found by mul- 


tiplying the Solar Cycle 28 by the Lunar Cycle 
19. If the Ney Moons did not anticipate upon 


this Cycle, Eaſter-Day would always be the Sunday 


next after the firſt Full Moon which follows the 
211t of March. But, on account of the above an- 
ticipation, I 422. to which no proper regard was 
had before the late alteration of the Stile, the Eccle- 
fraſtic Eaſter has ſeveral times been a week differ- 
ent from the true Eaſter within this laſt Century: 
which inconvenience is now remedied by making 
the Table which uſed to find Eaſter for ever, in 
the Common Prayer Book, bf no longer uſe. than 
the Lunar difference from the New, Stile will admit 
of. 3 85 5 1 
Normber of 389. The eurlieſt Eaſter poffible is the 34d of 


Direction. March, the lateſt the agth of April. Within theſe 


limits are 35 days, and the number belonging to 
each of them is called the Number of Direction; 
becauſe thereby the timè of Faſter is found for any 
given year. To find the Number of Direction, 
according to the New Stile, enter Table V. follow- 
ing this Chapter, with the compleat hundreds of 
any given year at the top, and the years thereof 
if any) below an hundred at the» left hand; and 
where the columns meet is the Dominical Lettet 
for the given year. Then enter Table I. with 
the compleat hundteds of the fame year at the left 


hand, and the years below am: hundred at the top; 


and where the columns meet is the Golden Num- 
ber for the ſame year. Laſtly, enter T able HH: with 
the Dominicab Letter at the left hand and Golden 
Number atithe top; and where the columns meet 
the Number ef Direction for that year; which 
2romber, added to the 21ſt day of March, ſheus 
on what day either of Marchor April Haſter Sunday 
falls in that year. Thus the Dominical Letter 
New Stile for the year 1757 is B (Table V.) and 
the Golden Number is 10, (Table I.) by which 
| in 
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in Table II. the Number of Direction is found to 
be 20; which, reckoning from the 2 1ſt of March, def the 
ends on the 1oth of April, hat is Eafter-Sun- * 
on day, in the year 1757. N. B. There are always two 
oa) MW Dominical Letters to the Leap-year, the firſt of 
he which takes place to the 24th of February, the laſt 


n. for the following part of the year. 

as 390. The firſt ſeven Letters of the Alphabet are 

1 commonly placed in the annual Almanacks, to 

[= ſhew on what days of the week the days of the 

: months fall throughout the year. And becauſe ee 
8 one of thoſe ſeven Letters muſt neceſſarily ſtand 
n W againſt Sanday, it is printed in a capital form, and 

n called the Domznical Letter : the other ſix being in- 

it ſerted in ſmall characters, to denote the other ſix 


11 


days of the week. Now, ſince a common Julian 


f Bar contains 365 Days, if this number be divided 
6 by 7 (the number of days in a week) there will re- 
0 main one day. If there had been no remainder, 


; it is plain the year would conſtantly begin on the 
V ſame day of the week. But ſince 1 remains, it is 
as plain that the year muſt begin and end on the 
ſame day of the week; and therefore the next year 
will begin on the day following. Hence, when 
January begins on Sunday, A is the Dominical or 
Sunday Letter for that year: then, becauſe the next 
year begins on Monday, the dunday will fall on che 
ſeventh day, to which is annexed the {eventh Letter 
, which . wilbebe the Dominical Letter 
for all that year: and as the third; year will begin 
on Tugſday, the Sunday wilk fallcon the ſixth day; 
therefore #: wilb be the Sunday Letter for that year. 
Whenck it is evident, that the:1Sundey Lettets will 
go annually in retrograde orden thus, G, H, E, N, 
C, B, A. And in the courſe off ſeven years, if: my 
were all common ones, the ſame days of the! week 
and Dominicab Letters would return to the ſame 
days of the months. But becauſe there are 366 
days in a Leap- year, if this number be divided by 
7, there will remain two days over and above the 
52 
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| £2 weeks of which the year conſiſts. And there. 
ore, if the Leap-year begins on Sunday, it will end yi 
on Monday; and the next year will begin on Tye Al 
day, the firſt Sunday whereof muſt fall on the ſixth IN 
of January, to which is annexed the Letter F, and tl 
. as in common years. By this means, the th 
_ year returning every fourth year, the order MW u 
of the Dominical Letters is interrupted: and the al 


Series cannot return to its firſt ſtate till after four as 
times ſeven, or 28 years; and then the ſame days L 
of the months return in order to the ſame 2 of al 
the week as before, _ th 


To find the 391. To find the Dominical Letter for. an any year 0 
. wg Ih auler before or after the Chriſtian Ara. In Table III. 1 
or IV. for Old Stile, or V. for New Stile, look for A 
the hundreds of years at the head of the Table, ſo 

and for the years below an hundred (to make up al 

the given year) at the left hand; and where the 10 
columns meet, you have the Dominical Letter for th 

the year deſired. Thus, ſuppoſe the Dominical fo 

Letter be required for the year of Curisr 1758, er 

New Stile, J look for 1700 at the head of Table V. ſt 

and for 58 at the left hand of the ſame T able; and d 

in the . of meeting, I find A, which is the Do- Wl &: 
minical Letter for that year. If it was wanting 5 

for the ſame year Old Stile, it would be found by 0 

Table IV. to be D. But 7o. find the Dominical Letter ye 

for amy given year before Cukis r, ſubtract one from | to 

that year, and then proceed in all reſpects as juſt 21 

now taught, to find it by Table III. Thus, ſuppoſe 20 

the Dominical Letter be required for the 585th 2 


year before the firſt year of CHRIST, look for 500 fo 
at the head of Table III. and for 84 at the left m 
hand; in the meeting of theſe columns is FE, W 
which were the Dominical Letters for that year, * 
and ſhews that it was a Leap- year; becauſe Leap- in 
year has always two Dominical Letters. IW 


To find the 392. To find the day of the month; aufwering to any = 

Turkey day of the week, or the day of the week anſwering to of 
any day of the month, for any year paſt or to come. th 
7 Having 
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Having found the Dominical Letter for the given 
year, enter Table VI. with the Dominical Letter 


at the head; and under it, all the days in that co- 


jumn are Sundays, in the diviſions of the months; 
the next column to the right hand are Mondays; 
the next, Tueſdays; and ſo on to the laſt column 


under G; from which go back to the column un- 


der A, and thence proceed towards the right hand 
as before. Thus, in the year 1757, the Dominical 
Letter New Stile is B, in Table V; then in Table VI. 
all the days under B are Sundays in that year, viz. 
the 2d, gth, 16th, 23d, and zoth of January and 


O#ober ; the 6th, 13th, 20th, and 27th of February, 


March, and November; the zd, 10th, and 15th of 
April and Fuly, together with the 3 fſt of Ju; and 
ſo on to the foot of the column. Then, of courſe, 
all the days under C on Mondays, namely, the 3d, 
10th, Sc. of January and October; and fo of all 
the reſt in that column. If the day of the week an- 
fwering to any day of the month be required, it is 
eaſily had from the ſame Table by the Letter that 
ſtands at the tôp of the column in which the given 
day of the month is found. Thus, the Letter that 
ſtands over the 28th of May is A; and in the year 
Fa before CHRIST, the Dominical Letters were 
ound: to be F E, I 391; which being a Leap- 
year, and E taking place from the 24th of February 
to the end of that year, ſne s by the Table that the 


25th of May was on a Sunday; and therefore the 


28th muſt have been on a Mirdneſday; for when 
E ſtands for Sunday, F muſt ſtand for Monday, G 
for Tugſaay, &c. Hence, as it is ſaid that the fa · 
mous Eclipſe of the Sun foretold by TwaLes, by 
which a peace was brought: about between the 
Medes and Tydians, happrned on the 28th of May, 
oo = .585th year befort Cuxmr, it, fell on a 
Wadne . a i eos fa and vo. 


; panini Ea RS of the Solar Cycle Jute 
of 28 years into the Lunar Cycle of 19 years, and RE 
the Roman Indiction of 15 years, ariſes 'the great 


Julian 
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To find the 
vear of this 
Period: 


| 


And the 
Cycles of 
- that years 


The true 
Fra of 
Crngist*s 
bi ths 


riod. So in the 


Of the Times of tbe Birth and Death of Cnhlsr. 


Julian Period, conſiſting of 7980, years, which had 
its beginning 764 years before Strauchiuss ſuppoſed 
year of the Creation (for no later could all the three 
Cycles begin together) and ĩt is not yet "I iv 


and therefore it includes all other ycles, Periods, 
and Eras. There is but one year in the whole 


Period that has the ſame numbers for the three 


Cycles of which it is made up: and therefore, if 
hiſtorians had remarked in their writings the Cycles 


of each year, there had been no diſpute about the 


time of any action recorded by them, 
394. The Dionpſian or vulgar Era of Carisr's 
birth was about the end of the year of the Julia 


Period 4713; and conſequently the firſt year of 
his age, according to chat account, was the 4714th 


year of the ſaid Period. Therefore, if to the cur. 
rent year of CuRIsT we add 47133 the ſum will be 
the year of the Julian Period. So the year 175) 

will be found to be the 6470th year of that Period. 
Or, to find the year of the Julian Period anſwering 
ro any given year before the firſt year of Cnkisr, 
ſubtract the number of that given year from 4714, 
and the remainder will be the year of the Julian 


Period. Thus, the year 585 before the firſt year | 
of Cukisr (which was the 584th beforehis birth) 


was the 4129th year of 19s faid Period. Laſtly, 
to find the Cycles of the Sun, Moon, and Tndidtion 
for any given year of this Period, divide the given 
year by 28, 19, and 15; the three remainders will 
be the Cycles ſought, and the Quotients the num- 
bers of Cycles run, ſince the beginning of the Pe- 
"above 4714th Year of the Julian 
the Cycle of the Sun was 10, the Cy cle of 

and the Cycle of Indiffios | 7 the 


Period, 
the Moon 2, a 


Solar Cycle having run through 168 Foirſes, I the 


Lunar 248, and the Indiction 14. 


395. The vulgar Ara of ny 


HRIST'S 1 9 was 


never ſettled till the year 327, when Diony/ius Exi- 
guus, a Roman Abbot, fixed it to the end of the 


4713th year of the Julian a which was four 
2 * years 
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years too late. For our Sa vioux was born before 
the death of Herod, who ſought to kill him as ſoon 
as he heard of his birth. And according to the 
teſtimony of Joſephus (B. xvii. ch. 8.) there was an 
Eclipſe of the Moon in the time of Herod's laſt ill - 
neſs; which Eclipſe appears by our-Aſtronomical 
Tables to have been in the year of the Julian Pe- 
riod 4710, March 13th, at 3 hours paſt midnight, 
at Feruſalem, Now as our Saviouk mult have been 
born ſome months before Herod's death, ſince in 
the interval he was carried into Egypt, the lateſt 
time in which we can fix the true Era of his Birth 
is about the end of the 47cgth year of the Julian 
Period. | 
There is a remarkable Prophecy delivered to us 
in the ninth chapter of the book of Daniel, which, 
from a certain Epocb, fixes the time of reſtoring the 
State of the Jes, and of building the Walls of 
Jeruſalem, the Coming of the Mzss1an, his Death, 
and the Deſtruction of Jeruſalem.— But ſome parts 
of this Prophecy (Ver. 25.) are ſo injudiciouſly 
pointed in our Zngliſh tranſlation of the Bible, that, 
if they be read according to thoſe ſtops of point- 
ing, they are quite unintelligible. —But the learned 
Dr. Prideaux, by altering theſe ſtops, makes the 
ſenſe very plain: and as he ſeems to me to have 
explained the whole of it better than any other au- 
thor I have read on the ſubject, I ſhall ſet down 
the whole of the Prophecy according as he has 
pointed it, to ſhew in what manner he has divided 
it into four different parts. te YN... 
Ver. 24. Seventy weeks are determined upon thy 
People, and upon thy holy City, to finiſh the Tranſgrej» 
fon, and to make an end of Sins, and to make recon- 
alation for Tniquity, and to bring in everlaſting Rigb- 
trouſneſs, and to ſeal up the Viſion, and the Prophecy, 
and to anoint the moſt holy, Ver. 25. Know therefore 
and underſtand, that from the going forth of the Com- 
mandment to reſtore and build Jeruſalem unto the 
Messiah the Prince ſhall be ſeven weeks and three- 
4 Cc | ſſcere 
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ſcore and two weeks, the ſtreet ſhall be built again, and 
the wall even in troublous times. Ver. 26. And after fl 
threeſcore and two weeks ſhall Mzs81an be cut of, id 
but not for himſelf, and the people of the Prince that fl 7* 
Hall come, ſhall deſtroy the City and Sanctuary, and the in 
end thereof ſhall be with à Flood, and unto the end an 
of the War deſolations are determined. Ver. 27. And Wl ſtr 
be ſhall confirm the Covenant with many for one week, ab 
and in the midſt * of the week he ſhall cauſe the facri MI © 
fice and the oblation to ceaſe, and for the overſpreading ane 
of abominations be ſhall make it deſolate even until the fl of 
Conſummation, and that determined ſhall be poured upon i {'! 
the deſolate. the 
This Commandment was given to Ezra by Ar-. Ve⸗ 
taxerxes Longimanus, in the ſeventh year of that E 
King's reign (Ezra, ch. vii. ver. 11—26.) Ezra be- fro 
gan the work, which was afterwards accompliſhed MW CH 
by Nehemiah; in which they met with great oppo- ¶ Vea 
fition and trouble from the Samaritans and others, ( 
during the firſt ſeven weeks, or 49 years. pla 
From this accompliſhment till the time when ch. 
CurrsT's meſſenger Jobn the Baptiſt began to 


| preach the Kingdom of the MEsslAk, 62 weeks befe 
| or 4.34 years. , Job; 
| From thence to the beginning of CnRIST's ou: was 
lic miniſtry, half a week, or 32 years. 1 

And from thence to che death of CHRIST, halt M and 

a week, or 3 years; in which half week he Sun 

preached, and confirmed the Covenant of the Goſpel I the. 

with many. 5 hei. 

In all, from the going Fonrh of the Command: the 

ment till the Death of Enfer TY er 00810 mig 

years. chan 

And, laſtly, in a very riszg manner, the Pro-(i of tt 
= phecy foretels what ſhould come to paſs after tit Moo 


expiration of the /eventy weeks; namely, the De. Paſte 
ftru#ion of the City and Sanctuary by "the people Ar 
the Prince that Was to come; which were the Koma bat 


* The Doctor few that this cuzht to be rendered, the hal 5 
26 of the with, not the midſt, | 1 


Armies 
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Armies, under the command of 77745 their Prince, 
who came upon Jeruſalem as a torrent, with their 
jdolatrous images, which were an abomination to the 
Jews, and under which they marched againſt them, 
invaded their land, and beſieged their holy City, 
and by a calamitous war brought ſuch utter de- 
ſtruction upon both, that the Jews have never been 
able to recover themſelves, even to this day. 


Now, both by the undoubted Canon of Ptolemy, 


and the famous Æra of Nabonaſſor, the beginning 
of the ſeventh year of the reign of Artaxerxes Lon- 
ginanus King of Perſia (who is called Ahaſuerns in 
the book of Ether) is pinned down to the 4256th 
year of the Julian Period, in which year he gave 
Ezra the above mentioned ample Commiſſion 2 
from which count 490 years to the death of 
Cukisr, and it will carry the ſame to the 4746th 
year of the Fulian Period. | h 
Our Saturday is the Fewiſh Sabbath: and it is 
plain, from St, Mark, ch. xv. ver. 42. and St. Luke, 
ch. XX111. ver. 54, that CHRIST was crucified on a 
Friday, ſeeing the Crucifixion was on the day next 
before the Fewiſp Sabbath. — And according to St. 
Jobn, Ch. xviii. ver. 28. on the day that the Paſſover 
was to be eaten, at leaſt by many of the Jews. 
The Jews reckoned their months by the Moon, 


and their years by the apparent revolution of the 


Sun: and they ate the Paſſover on the 14th day of 
the month of Niſan, which was the firſt month of 
their year, reckoning from the firſt appearance of 
the New Moon, which at that time of the year 
might be on the evening of the day next after the 
change, if the ſky was clear. So that their 14th day 
of the month anſwers to our fifteenth day of the 
Moon, on which ſhe is full. Conſequently, the 
Paſſover was always kept on the day of Full Moon, 
And the Full Moon at which it was kept, was 
bat one which happened next after the Vernal 
Equinox. — For Joſephus expreſsly ſays ( Antiq. B. ili. 
ch. 10.) *The Paſſover was kept on the 14th * 
CC 2 „ "ol 
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ce of the month of N ſan, according to the Moon, 
% when the Sun was in Aries. - And the Sun al- 
ways enters Aries at the inſtant of the Vernal Equi. 
nox; which, in our Saviour's time, fell on the 
22d day of March. 


The diſpute among Chronologers about the year 


of CarisT's Death is limited to four or five years 
at moſt.— But, as we have ſhewn that he was cru- 
cified on the day of a Paſcal Full Moon, and on 


a Friday, all that we have to do, in order to aſcer. | 


tain the year of his death, is only to compute in 
which of thoſe years there was a Paſlover Full 
Moon on a Friday. — For, the Full Moons antici- 
pate eleven days every year (12 Lunar Months 
being ſo much ſhort of a Solar year), and therefore, 
6c in every three years at leaſt, the Jews were 


_ obliged to ſet their Paſſover a whole month for- 


warder than it fell by the courſe of the Moon, on 
the year next before, in order to keep it at the Full 
Moon next after the Equinox; thereforethere could 
not be two Paſſovers on the ſame nominal day of 
the week within the compaſs of a few neighbouring 
years. And find by calculation, the oxly Paſſover 


Full Moon that fell on a Friday, for ſeveral years | 
before or after the diſputed year of the Crucifixion, 
 was'on the 3d day of April, in the 4746th year of 
the Fulian Period, which was: the 4goth year after 


Ezra received the above-mentioned. Commiſſion 
from Artaxerxes Longimanus, according to Ptolemy's 
Canon, and the year in which the Mess1an was to 
be cut off, according to the Prophecy, reckoning 


from the going forth of that Commiſſion or Com- 
mandment: and this 490th year was the 33d year 


of our Savroux's Age, reckoning from the vulgar 
Era of his birth; but the 3 7th, reckoning from 


the true Era 8 


And, „ when we reflect on what the Jews told him, 
ſome time before his death Jobn, vili. 57.) © Thon 
« art not yet fifty years old,” we muſt confeſs that 


it ſhould ſeem much Ikelier to have been ſaid to a 
perſon 
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i- thirty. And we may eaſily ſuppoſe that St, Luke 
be fl expreſſed himſelf only in round numbers, when he 
ſaid that Chriſt was baptized about the goth year of 
ar Wl his ge, when he began his public miniſtry ; as our 
rs SAVIOUR himſelf did, when he ſaid he ſhould lie 
U- WH three days and three nights i in the grave. 
n The 4746th year of the Julian Period, which 
ve have aſtronomically proved to be the year of 
the Crucifixion, was the 4th year of the 202d Olym- 
piad ; in which year, Phlegon, a heathen writer, 
tells us, there was the moſt extraordinary Eclipſe of the 
bun that ever was ſeen. But I find by calculation, 
that there could be no total Eclipſe of the Sun at 
Jeruſalem, in a natural way in that year.—So that 
what Phlegon here calls an Eclipſe of the Sun, ſeems 
| to have been the great darkneſs for three hours at 
the time of our Saviour's Crucifixion, as men- 
tioned by the Evangeliſts: a darkneſs altogether 
ſupernatural, as the Moon was then in the fide of 
the Heavens oppoſite to the Sun; and therefore 
could not poſſibly e the Sun to any part of 
the Earth. 

396. As there are certain fixed points in the 
Heavens from which Aſtronomers begin their com- 
putations, ſo there are certain points of time from 
which hiſtorians begin to reckon; and theſe points, 
or roots of time, are called Hear or Epochs. The 
) 


moſt” remarkable Aras are thoſe of the Creation, 

the Greek Olympiads, the building of Rome, the 

Ara of Nabonaſſar, the Death of : Alexander, the 
Birth of Cars, the Arabian Hegira, and the Per- 
an Teſdegird: all xhich, together with ſeveral 
others of leſs note, have their Beginnings in the 

following Table fixed to the years of the Julian 
Period, to the Age of the World at thoſe times, 
and to the Years before and after the year of 
1 birth. 


c A Table 


- perſons near forty than to one but juſt turned of 


389 


"P yy 


4 T able of remarkable Aras and Events. 


| Label. W. 
1. The Creation of the World — — — 706 
2. The Deluge, or NVoah's Flood — 4242362 
3. The Mrian Monarchy founded by Niere — 12537 
4. The Birth of Abraham _ — —27Þ4 
5. The Deſtruction of Sodom and Gomorrah —] 2816 
6, The beginning of the Kingdom of Athens by Cecrops op5| 3157 
7, Moſes receives the Ten Commandments —| 3222 
8. The Entrance of the //-ac/ires into Canaan — 13262 
9. The Argonautic Expedition — 21345 
10. The Bellruction of Trey — — 23529 
11. The Beginning of King David's Reign — 3650 
12. The Foundation of Solomon's Temple 117 nl 3701 
13. Lycurgus forms his excellent Liws — —| 382g 
14. Arbaces, the firſt King of the Made, — — 3838 
15. Mandaueus, the ſecond — * — 35865 
16. Seſarmus the third — * — 3915 
17. The beginning of the Oben — 23038 
18, Artica, the fourth King of the Medes — — | 3945 
19. The Catonian Epocha of the Building of Rome | 3991 
20. The Era of Nabonaſjar — — 13967 
21. The Deſtruction of Samaria by — — 3992 
22, The firſt Eclipſe of the Moon on Record — 3993 
23. Cardicea, the fifth King of the Fang — 2 3996 
24. Pbraortes the (xt — | 10 — 4058 
25. Cyaxarts,” the feventh'/ © id n 4080 
26. Tha ber eee by Wer, 44107 
27 e long Fete betwe the Medes and L 4111 
28, The fmt Babyloniſh' 888 aud Fleck of Gra 7 iq 
29. The Deſtruction of Solomon s Temple 8 4125 
30. Nebuthathieetar firack' With Madneſs © <<" 4 4144 
31. 88 -of 3 Monstehies — 4158 
2. Cyrus begins to reign in the Per, Empir —14 
: 3- The Battle. of fo Bf Rr « * ; ee No 
34. Artaxeræel Longimanus begins 6 re reign” I 18 4249 
35. 1 he Beginning of Daniel's ſeventy Weeks of Vears 4250 
36. The Beginning'of the Pelaponne/ian Waoer —| 4282, 
37. Alexander's Vidtory at drbela. —,,, — 'M 4383 
38. His Death BB 
39. The Captivity of tb Sc — by King! kn 4393 
40. The Coloſſus of Rhodes thrown down by 7 FEES 
| an Earthquake 7 | 449! 
41. Antiochus defeated by Ptolemy Philopater | a 449 
42. The famous AxcHIMEDES murdered at Syracuſe | 4506 
43. Jaſon butchers the Inhabitants of Jeruſalem 4543 
44. Corinth plundered and burnt by Conſul Mummius | 4507 
45. Julius Ceſar invades Britain — — —| 4059 
46. He corrects the Calendar — — —14677 
47+ Is Killed in the — — — 4671 
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VER Pages Wierig“ 

48. Herod made King of Jude — — — — 47733967 

49. Anthony defeated at the Battle of Adium — — 45833977 

50. Agrippa builds the Pantheon at Rome — — — 46883982 

51, Phe true Ara of CyrisT's Birth — — — 47094003 

52. The Death of Herod — — — We 47104004 
999 
397 53. The Dionyſſan or vulgar Ax a of Caxlsr' s Birth — 4713 4007 
56 54. The true Year of hs Crucifixkion— — — 47464040 
91 55- The Deſtruction of Jeruſalm — — — — 47834077 
51 56. Adrian builds the Long Wall in Britain — — 48334127 
03 57. Conſtantius defeats the Picts in Britain — — 50194313 
84 58, The Council of Nice — — — — — —[5038|4332 
3 59. The Death of Cenſlantine the Great — — — 50504344 
Iz 60. The Saxons invited into Britain  — — — 51584452 4 
84 61. The Arabian Hegiraz— —, — — 15335 4529 bl. 
75 62. The Death of Mahomed the nden Propbet— 53434637 44 
48 63. The Perfian Yeſdegird — — — — —|5344|4638 
98 64. The Sun, Moon, and all the Planets; in wr 8001 i 1 
75 HSlept. 14, as ſeen from the Earth e od + 995 93 
58 65, The Ait of Printing diſcoveredi— — — — 61535447 1440 
+ 66. The Reformation Wachen by Martin Luther — ad 5524'1517 
| 
f In fixing the year of the Creation to the 706th Axe of the 
0 World un- 
þ year of the Julian Period, which was the 4007th cerein. 


year before the year of Cunisr's Birth, I have fol- 
lowed Mr. Bedford in his. Scripture Chronology, 
printed A. D. 1730, and Mr. Kennedy, in a work 
of the ſame kind, printed A. D. 1762. Mr. Bed. 
ford takes it only for granted that the World was 
created, at. the time of the Autumnal Equinox; 
but Mr. Kennedy affirms that the ſaid Equinox was 
at the noon of the fourth day of the Creation- 
week, and that the Moon was then 24 hours paſt 
her Oppoſition to the Sun. —If Maſes had told us 
the ſame things, we ſhould have had ſufficient data 
for fixing the Ara of the Creation: but, as he has 
been filent on theſe points, we muſt conſider the 
beſt.accounts of Chronologers as enrively hypothe- 
tical and uncertain, 
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Tat BLE "IVC owing the Dominical Letter, Old Stile, 
for 4200 Tears after the Chriſtian Ara. 
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TaszLz V. The Dominical Letter,l 
New Stile, for 4000 Years af. 
ter the Chriſtian Ara, 


After Chriſt. | Hundreds of Years. 
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TABLE VI. Shewing the Days of the Menths, 
for both Stiles by the Dominical Letters. 
"Week Days. | AB CDE F 
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CHAP. XXII. 


A Deſcription of the Abronomichl Mac bin nery Jervin 
to explain and iluſrate tbe JOS Part of this , 


- G 
1 397. FFVHE ORRRRV. This A Machine Pn the 
The One | Motions of the Sun, Mercury, Venus, 


azar, Farth, Ca Moon ; and occaſionally, the ſuperior 
Planets, Mars, Jupiter, and Saturn, may be put 
on; Jupiter's four Satellites are moved round him 
in their proper times by a ſmall Winch; and Sa- 
| turn has his five Satellites, and his Ring which 
| keeps its Paralleliſm round the Sun; and by a 
Lamp put in the Sun's place, the Ring ſhews al 
the Phaſes deſcribed in the 204th Article. 
The Sun, In the Center, No. 1. repreſents the Sun, ſup- 
ported by its Axis inclining almoſt 8 Degrees 
from the Axis of the Ecliptic; and turning round 
in 251 days on its Axis, of which the North Pole 
ä inclines toward the 8th Degree of Piſces in the 
= The Eclip- great Ecliptic (No. 11.) whereon the months and 
SS Days are engraven over the Signs and Degrees in 
which the Sun appears, as ſeen from the ten on 
the different days of the year. 
Mercury. The neareſt Planet (No. 2. ) to Ahe Sun i is Mer- 
cury, which goes round him in 87 days 23 hours, 
or 8722 diurnal rotations of the Earth; but has 
| no Motion round its Axis in the Machine, becauſe 
the time of its diurnal Motion in the Heavens is 
not known to us. bas a 
Venus, 'The next Planet in dies is . ( No. 3) which 
performs her annual courſe in 224 days 17 hours; 
and turns round her Axis in 24 days 8 hours, or 
in 247 diurnal rotations of the Earth. Her Axis 
inclines 75 Degrees from the Axis of the Ecliptic, 
and her North Pole inclines towards the 20th De- 
| gree of 3 according to the obſervations of 
| | Biancbini. 
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The OnRERT deſcribed. 


Bianchini. She ſhews all the Phenomena.deſcribed 
from the goth to the 44th Article in Chap. I. 


Next without the Orbit of Venus is the Earth, The Farth, 


(No. 4+) which turns round its Axis, to any fixed 
point at a great diſtance, in 23 hours 56 minutes 

4 ſeconds, of mean ſolar time (S 221, & ſeg.) but 
e the Sun to the Sun again in 24 hours of the 
ſame time. No. 6. is a ſydereal Dial- Plate under 
the Earth; and No. 7. a ſolar Dial-Plate on the 
cover of the Machine. The Index of the former 
ſhews ſydereal, and of the latter, ſolar time; and 
hence, the former Index gains one entire revolu- 
tion on the latter every year, as 365 ſolar or natu- 
ral days contain 366 ſydereal days, or apparent re- 
volutions of the Stars. In the time that the Earth 
makes 365+ diurnal rotations on 1ts Axis, 1t goes 
once round the Sun in the Plane of the Ecliptic; 
and always keeps oppoſite to a moving Index 
(No. 10.) which ſhews the Sun's apparent daily 
change of place, and allo the days of the months. 


The Earth is half covered with a black cap, for 


_ dividing the apparently enlightened half next the 
Sun from the other half, which when turned away 
from him is in the dark. The edge of the cap re- 
preſents the Circle bounding Light and Darkneſs, and 
ſhews at what time the Sun riſes and its to all 


Camper, t its F throughout its 
annual Courſe, & 48, 202; ſo that in Summer the 
northern parts of the Earth incline towards the 
Sun, and in Winter from him: by which means, 
the different/ lengths of days and nights, and the 
n the, Jarjaus leaf. are demonftrated to 
18 tir 8 av 911 

There; 1 is hens 1 to the upper fide 1 
mhielt; is fixed a Meridian ſemicircle in the North 
and South Points, graduated on both ſides from 


the Horizon to go? in the Zenith, or vertical Point. 
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| zoo me Onneny deſeribed. 


The edge of the Horizon is graduated from the 
Eaſt and Weſt to the South and North Points, and 
within theſe Diviſions are the Points of the Com. 
paſs. From the loser ſide of this thin Horizon- 
Plate ſtand out four ſmall Wires, to which 1s fixed 
a Twilight-Circle 18 Degrees from the graduated 
ſide of the Horizon all round. This Horizon 
may be put upon the Earth (when the cap is raken 
away) and rectified to the Latitude of any place: 
and then, by a ſmall Wire called the Solar Ray, 
which may be put on ſo as to proceed directly from 
the Sun's Center towards the Earth's, but to come 
no farther than almoit to touch the Horizon. The 
beginning of Twilight, time of Sun-riſfing, with 
his Amplitude, Meridian Altitude, Time of Set- 
ting, Amplitude then, and End of Twilight, are 
ſhewn for every day of the year, at at place to 
which the Horizon is rectified. | . 
The Moon. The Moon (Ne 5.) goes round the Earth, from 
berween it and any fixed point at a great diſtance, 
in 27 days 7 hours 43 minutes, or through all the 
Signs and Degrees of her Orbit ; which 1s called 
ber Periodical Revolution; but ſhe goes round from 
4 the Sun to the Sun again, or from Change to 
1 Change, in 29 Days 12 hours 45 minutes, which 
is Ber Synodical Revolution; and in that time ſhe ex- 
hibits all the Phaſes already deſcribed, F 255. 
When the above-mentioned Horizon is rectified 
to the Latitude of any given place, the Times of 
the Moon's riſing and ſetting, together with her 
Amplitude, are ſhewn to that place as well as the 
Sun's; and all the various Phenomena of the Har- 
4 pt $ 273, & ſeq. are made obvious to 
ight. 
Tue Nodes. The Moon's orbit (Ne g.) is inclined to the 
Ecliptic (No 11.), one half being above, and the 
ö other below it. The Nodes, or Points at o and o, 
lie in the Plane of the Ecliptic, as deſcribed 8 317, 
318, and ſhift back ward through all its Signs and 
Degrees in 184 years. The Degrees of the Moon's 
5 Latitude, 
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they come to the ſemicircle CED, they have Tides 


Latitude; to the higheſt at NL (North Latitude) 
and loweſt at & L (South Latitude) are engraven 
both ways from her Nodes at o and o; and, as the 
Moon riſes and falls in her Orbit according to its 
jnclination, her Latitude and Diſtance from her 
Nodes are ſhewn for every day; having firſt recti- 
fied her Orbit ſo as to ſet the Nodes to their proper 
places in the Ecliptic: and then, as they come 
about at different, and almoſt oppoſite times of the 
year, & 319, and point twice towards the Sun, all 
the Eclipſes may be ſhewn for hundreds of years 
(without any new rectification) by turning the 
Machinery backward for time paſt, or forward for 
time to come. At 17 Degrees diſtance from each 
Node, on both ſides, is engraven a ſmall Sun; and 
at 12 Degrees diſtance, a ſmall Moon; which 
ſhew the limits of ſolar and lunar Eclipſes, 8 317: 
and when, at any change, the Moon falls between 
either of theſe Suns and the Node, the Sun will be 
eclipſed on the day pointed to by the Annual-In- 
dex (No 10.) and as the Moon has then North or 
South Latitude, one may eaſily judge whether that 


Eclipſe will be viſible in the Northern or Southern 


Hemiſphere; eſpecially as the Earth's Axis in- 


clines⸗ toward the Sun or from him at that time. 


And when, at any Full, the Moon falls between 
either of the little Moons and Node, ſhe will be 
eclipſed, and the Annual-Index*ſhews the day of 
that Eclipſe. Phere is a Circle of 294 equal parts 
(Ne 8.) on the cover of the Machine, on which 
an Index ſnews the days of the Moon's age. 

A ſemi: elli 


lipticabring, which being put like a cap upon the , 


Earth, and the forked part F upon the Moon, 
ſnews the Tides as the Earth turns round within 
them, and they are led round it by the Moon. 
When the different places cone to the ſemi-ellipſis 
Aa E b B, they have Tides of Flood; and when 
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pſis and ſemi- circle are fixed to an el- PLATE 
8 


[> 
x 
% 
7 
BY 
% 
1 
5 
t 
4 
” 
+ 
*: 
i: 
be 
94 
A 
<1 
& 
»4 
% 
in 
17 
p 
7 
0 
1 
1 
4 
h; 
"4 
I 
* 
10 
105 
. 
us ibs 
3 


SIS 5-5 - 


— x4 ow 
WW "Ex: —_— — 


OS 8 2 
n 


E . 

>S M4 

8 2 
— 


8 N O 
ARES ex 
Sn 


e 5 * 


£20042 fv 


LY 
I l - OO * * „ 19 * 2 DG TIER J 3 - 2 2 8 2 y bo ak oa... 
— ASS 11 - 2 x . i 8 * r 0 — 7 8 2 — r . 8 


— — = : OR. ors IP 
2 r N ER N bo 


ä 


——— 2 - _ 7 — 
. 
INS => 


D 


r 


8 rn 
S 


% Ss CERES 7 2 4 
8 
r 


c 


Arother 
Ox RER. 


PLATE 
VI. 
Fig. J. 


7 he OkRERY deſcribed. 
of Ebb, & 304, 305; the Index on the Hour- Circle 


(Ne 7.) ſhewing the times of theſe Phenomena. 


There 1s a jointed Wire, of which one end being 


put into a hole in the upright ſtem that holds the 


Earth's cap, and the Wire laid into a ſmall forked 
piece which may be occaſionally put upon Venus 
or Mercury, ſhews the direct and n e Mo- 
tions of theſe two Planets, with their ffationary 
Times and Places as ſeen from the Earth. 


The whole Machinery is turned by a winch or 


handle (Ne 12.) and is ſo eaſily moved, that a 


clock might turn 1t without any danger of ſtopping. 
To give a Plate of the wheel-work of this Ma- 
chine, would anſwer no purpoſe, becauſe many of 


the wheels he ſo behind others, as to hide them 


from ſight 1 in any view whatſoever. 


3985 Another ORRERVY. In this Machine, which 
is the ſimpleſt I ever ſaw, for ſhewing the diurnal 
and annual motions of the Earth, together with 
the motion of the Moon and her Nodes, Aand B 
are two oblong ſquare plates held together by four 


upright pillars; of which three appear at f, g, and 
22. Under the Plate A is an endleſs ſcrew on the | 


Axis of the handle 2, which works in a wheel fixed 
on the ſame Axis with the double-grooved wheel 
Z; and on the top-of this Axis is fixed the toothed 
wheel i, which turns the pinion k, on the top of 
whoſe Axis is the pinion & 2 which turns another 
pinion 2 2, and that other turns a third, on the 
Axis à 2 of which is the Earth U turning round; 
this laſt Axis inclining 234 Degrees. The ſup- 

orter X 2, in which the Axis of the Earth turns, 
is fixed to the moveable Plate C. 

In the fixed Plate D, beyond H, is fixed the 
-Srork wire d, on which hangs the Sun 7, ſo as it 
may turn round the wire. To this Sun is fixed the 
wire or folar ray Z, which (as the Earth U curns 
round its Axis) points to all the places that the 


Sun paſſes vertically over, every day of the 2m 
N c 


RFC CCC CC 


We OnkkRY deſeribed. 


The Earth is half covered with a black cap a, as 
in the former Orrery, for dividing the day from 
the night; and, as the different places come out 
from below the edge of the cap, or go in below 


it, they ſhew the times of Sun-riſing and ſetting 


every day of the year. This cap 1s s fixed on the 


wire 6, which has a forked piece C turning round 


the wire q: and, as the Earth goes round the Sun,, 
it carries the Cap, Wire, and ſolar Ray round him; 
ſo that the ſolar Ray conſtantly points towards the 
Earth's Center. 

On the Axis of the pinion & is the pinion , 
which turns a wheel on the cock or ſupporter », 
20d on the Axis of this wheel neareſt z is a pinion 
(hid from view) under the Plate C, which pinion 
turns a wheel that carries the Moon round the 
Farth U; the Moon's Axis riſing and falling in the 
ſocket V, which is fixed to the triangular piece 
above Z ; and this ptece 1s fixed to the top of the- 
Axis of the laſt-mentioned wheel. The ſocket // 


is flit on the outermoſt ſide; and in this lit the 


two pins near Z, fixed in the Moon's Axis, move 
up and down; one of them being above the in- 
dined Plane YX, and the other below it. By this 
mechaniſm; the Moon moves round the Earth 
Tin the inclined Orbit 3, parallel to the Plane of 
the Ring ZA; of which the Deſcending Node is 
at X, and the Aſcending Node oppoſite to it, bur 
hid by the ſupporter & 2. 

The ſmall wheel E turns the large wheels D and 
P, of equal diameters, by cat- gut ſtrings croſſin 
between them: and the Axes of theſe rwo wheels 
are cranked at G and H, above the Plate B. Phe 


upright ſtems of theſe cranks going through the 


Plate C, carry it over and over the fixed Plate B, 


with a motion which carries the. Earth U round the 


Sun T, keeping the Farth's Axis always parallel 
to itſelf; or ſtill inclining towards the left hand of 
the Plate; ; and ſhewing the viciſſitudes of ſeaſons, 
as deſcribed in the tenth chapter. As the Earth 
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The Oak ERV deſcribed, 


goes round the Sun, the pinion & goes round the 
wheel z, for the Axis of & never touches the fixed 
Plate B, but turns on a wire fixed into the Plate C. 


On the top of the crank G is an Index L, which 


oes round the Circle m 2 in the time that the 
Farth goes round the Sun, and points to the days 
of the months; which rogether with the names of 
the ſeaſons, are marked in this Circle. 

This Index has a ſmall grooved wheel I. fixed 
upon it, round which, and the Plate Z, goes a cat- 
gut ſtring croſſing between them; and by this 
means the Moon's inclined Plane Y A, with its 


Nodes is turned backward, for ſhewing the times 


and returns of Eclipſes, $ 310, 320. 

The following parts of this machine muſt be 
conſidered as diltinet from thoſe already deſcrib- 
ed. 

Towards the right hand, let & be the Earth 
hung on the wire e, which is fixed into the Plate 
B; and let © be the Moon fixed on the Axis M, 
and turning round within the cap P, in which, and 


in the Plate C, the crooked wire © is fixed. On 


the Axis Mis alſo fixed the Index K, which goes 


round a Circle +4 2, divided into 29 equal parts, | 


which are the days of the Moon's age: but to 


avoid confuſion in the ſcheme, it is only marked 


with the numeral figures 1 2 3 4, for the Quarters, 
As the crank I carries this Moon round the Earth 
$ in the Orbit t, ſhe ſhews all her Phaſes by means 
of the cap P for the different days of her age, 


which are ſhewn by the Index K; this Index 


turning juſt as the — ap O does, demonſtrates her 


turning round her Axis, as ſhe ſtill keeps the ſame 


fide towards the Earth S, § 262. 


At the other end of the Plate C, a Moon N goes 
round an Earth R in the Orbit p. But this Moon's 


Axis is ſtuck faſt into the Plate Cat & 2, ſo that 


neither Moon nor Axis can turn round; and as 


this Moon goes round her Earth, ſhe ſhews herſelf 


all round to it; which proves, that if the Moon 
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The CalLcuLATOR deſcribed. 


was ſeen all round from the Earth in a Lunation, 
ſhe could not turn round her Axis. 

NV. B. If there were only the two wheels D and 
F, with a cat-gut ſtring over them, but nor croſſing 
between them, the Axis of the Earth U would keep 
its Paralleliſm round the Sun 7, and ſhew all the 


ſeaſons; as I ſometimes make theſe Machines: 


and the Moon O would go round the Earth 5, 
ſhewing her Phaſes as above; as likewiſe would 
the Moon N round the Earth R; but then, neither 
could the diurnal motion of the Earth T on its 
Axis be ſhewn, nor the motion of the Moon K 


round the Earth. 


495 


In the year 1746 I contrived a very Gmple The Car- 


Machine, and deſcribed its performance in a ſmall 
Treatiſe upon the Phenomena of the Harveſt- 
Moon, publiſhed in the year 1747. I improved 
it ſoon after, by adding another wheel, and called 
it The Calculator. It may be eaſily made by any 
Gentleman whe has a mechanical Genius. 


CULATORa, 


The great flat Ring ſupported by twelve pillars, pLaTe 


and on which the twelve ſigns with their reſpective 
Degrees are laid down, is the Ecliptic; nearly in 


the center of it is the Sun S ſupported by the ſtrong 


crooked Wire J; and from the Sun proceeds a 
Wire W, called the Solar Ray, pointing towards the 
center of the Earth E, which is furniſhed with a 
moveable Horizon H, together with a brazen Me- 
ridian, and Quadrant of Altitude. R is a ſmall 
Ecliptic, whoſe Plane coincides with that of the 


great one, and has the like Signs and Degrees 


marked upon it; and 1s ſupported by two Wires 
Dand D, which are put into the Plate PP, but may 


be taken off at pleaſure. As the Earth goes round 
the Sun, the Signs of this ſmall Circle keep paral- 


lel to themſelves, and to thoſe of the great Eclip- 


tic, When it is taken off, and the folar Ray // 


drawn farther out, ſo as almoſt to touch the Hori- 


2on 77, or the Quadrant of Altitude, the Horizon 


Dd 3 being 


VIII. 
ig. I, 


The: CALCULATOR deſcribed, 


being rectified to any given Latitude, and the Earth 


turned round its Axis by hand, the point of the 


Wire thews the Sun's Declination in paſſing ovet 
the Faduated braſs Meridian, and his height at 
any given time upon the Quadrant of Altitude, to- 
gether with his Azimuth, or point of bearing upon 
the Horizon at that time; and likewiſe his Ampli- 
tude, and time of riſing and ſetting by the Hour- 
Index, for any day of the year that the Annual-In- 


dex U points to in the Circle of Months below the 


Sun. M 1s a Solar- Index or Pointer ſupported by 
the wire L which is fixed into the knob K the uſe 
of this Index is to ſhew the Sun's place in the 
Ecliptic every day in the year ; for it goes over the 


Signs and Degrees as the Index U goes over the 
Months and Days; or rather, as they paſs under 


the Index U, in moving the cover-plate with the 
Earth and its Furniture round the Sun; for the 
Index U is fixed tight on the immoveable Axis in 


the Centre of the Machine. & is a knob or handle 


for moving the Earth round the Sung and the Moon 


round the Earth. _ | | 


As the Earth is carried round the Sun, its Axis 
conſtantly keeps the ſame oblique direction, or 
parallel to itſelf, & 48, 202, ſhewing thereby the 
different lengths of days and. nights at different 
times of the year, with all the various ſeaſons, 
And, in one annual revolution of the Earth, the 
Moon M goes 125 times round it from Change to 


Change, having an occaſional proviſion for ſhew- | 
ing her different Phaſes. The lower end of the 


Moon's Axis bears by a ſmall friction wheel upon 
the inclined Plane T, which cauſes the' Moon to 
riſe above and fink below the Ecliptie R in every 


- Lunation crofling it in her Nodes, which ſhift 
backward through all the Signs and Degrees of the 


iaid Ecliptic, by the retrograde Motion of the in- 


clined Plane 7, in 18 years and 225 days. On 


this Plane the Degrees and Parts of the Moon's 
North and South Laticude are laid down from both 


the 
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the Nodes, one of which, viz. the Deſcend) ng 
Node, appears at o, by DN above B; the other 
Node being hid from Sight on this Plane by the 
plate PP; and from both Nodes, at proper diſ- 
tances, as in the other Orrery, the limits of Eclip- 
ſes are marked, and all the ſolar and lunar Eclipſes 
are ſhewn in the ſame manner, for any given year 
within the limits of 6000, either before or after the 
Chriſtian Era. On the plate that covers the wheel- 
work, under the Sun S, and round the knob K, 
are Aſtronomical Tables, by which the Machine 
may be rectified to the beginning of any given year 
within theſe limits, in three or foùr minutes of time; 
and when once ſet right, may be turned backward 
for 300 years paſt, or forward for as many to come, 
without requiring any new rectification. There is 
a method for its adding up the 29th of February 
every fourth year, and allowing only 28 days to 
that month for every other three : but all this be- 
mg performed by a particular manner of cutting 
the teeth of the Wheels, and dividing the Month- 
Circle, too long and intricate to be deſcribed here, 
I ſhall only ſhew how theſe motions may be per- 
formed near enough for common uſe, by wheels 
with grooves and cat-gut ſtrings round them; only 
here I muſt put the Operator in mind, that the 
grooves are to be made ſharp (nor round) bottom- 
ed, to keep the ſtrings from ſlipping. _ 

The Moon's Axis moves up and down in the 


ſocket NM fixed into the bar O (which carries her 
round the Earth) as ſhe riſes, above or ſinks below 
the Ecliptic; and immediately below the inclined 


Plane T is a flat circular plate (between Y and T) 
on which the different Eccentricities of the Moon's 
Orbit are laid down: and likewiſe her mean Ano- 
maly and elliptic Equation, by which her true 
Place may be very nearly found at any time. Be- 
low this Apogee plate, which ſhews the Anomaly, 
&, is a Circle 7 divided into 294 equal parts, 

D d 4 which 
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which a are the days of the Moon's age: and the 
. forked end A of the Index AB (Fig. II.) may be 
ut into the apogee part of this plate; there be- 
ing juſt ſuch another index to put into the inclined 
Plane T at the Aſcending Node: and then the 
curved points B of theſe Indexes ſhew the dire& 
Motion of the Apogee, and retrograde Motion of 
the Nodes through the Ecliptic K, with their 
Places in it at any given time. As the Moon M 
goes round the Earth E, ſhe ſhews her Place every 
day in the Ecliptic R, and the lower end of her 
Axis ſhews her Latitude and Diſtance from her 
Node on the inclined Plane T, alſo her Diſtance 
from her Apogee and Perigee, together with her 
mean Anomaly, the then Eccentricity of, her Or- 
bit, and her elliptic Equation, all on the Apogee 
plate, and the Day of her Age in the Circle Y of 
29 equal parts; for every day of the year pointed 
out by the Annual Index U in the Circle of Months. 
Having rectified the Machine by the Tables for 
the beginning of any year, move the Earth and 
Moon forward by the Knob X, until the Annual 
Index comes to any given day of the month, then 
ſtop, and not only all the above Phenomena may 
be ſhewn for that day, but alſo, by turning the 
Earth round its Axis, the Declination, Azimuth, 
Amplitude, Altitude of the Moon at any hour, 
and the Times of her riſing and ſetting, are ſhewn 
by the Horizon, Quadrant © of Altitude; and Hour- 
Index, And in moving the Earth round the Sun, 
the days of all the New and Full Moons and Eclip- 
ſes in any given year are ſhewn. The Phenomena 
of the Harveſt- Moon, and thoſe of the Tides, by 
- ſuch a cap as that in Plate IX. Fig. 10. put upon 
the Earth and Moon, together with the ſolution of 
many problems not here related, are made conſpi- 
cuous. 
The eaſieſt, though not the beſt way, that I can 
inſtruct any mechanical perſon to make the 2 
Wor 
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work of ſuch a machine, is as follows: which is 
the way that I made it, before I thought of num- 
bers exact enough to make it worth the trouble of 
cutting teeth in the wheels, 

Fig. zd of Plate VIII. is a ſection of this Ma- 
cine; in which ABCD is a frame of wood held 
together by four pillars at the corners, whereof two 


appear at AC and B D. In the lower Plate CD 


of this frame are three ſmall friction-wheels, at 
equal diſtances from each other; two of them ap- 
earing at e and e. As the frame is moved round, 
theſe wheels run upon the fixed bottom Plate E E, 
which ſupports the whole work. 
In the center of this laſt- mentioned Plate is fixed 
the upright Axis GEF, and on the ſame Axis is 


fixed the Wheel H HY, in which are four Grooves, 


I, A, k, L of different diameters. In theſe Grooves 
are cat- gut ſtrings going alſo round the e 
Wheels 2 N, 0 and P. 

The Wheel Mis fixed on a ſolid Spindle or Axis, 
the lower pivot of which turns at R in the under 
Plate of the moveable frame ABCD; and on the 
upper end of this Axis is fixed the Plate oo (which 


is PP, under the Earth, in Fig. 1.) and to this 


Plate is fixed, at an Angie of 232 Degrees incli- 
nation; the Dial-plate below the Earth T; on the 
Axis of which, the Index ꝗ is turned round by the 
Earth. This Axis, together with the Wheel M, 
and Plate o o, keep their Paralleliſm in going round 
the Sun 8, 

On the Axis of the Wheel N is 2 moveable 
ſocket, on which the ſmall Wheel N is fixed, and 
on the upper end of this ſocket 1s put on tight (but 
ſo as it may be occaſionally turned by hand) the 


bar Z Z (viz. the bar O in Fig. 1.) which carries - 


the Moon m round the Earth T, by the ſocket , 
fixed into the bar. As the Moon goes round the 
Earth, her Axis riſes and falls in the ſocket à; be- 
cauſe, on the lower end of her Axis, which is turned 
inward, there is a ſmall friction Wheel 5 running 
on 
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on the inclined Plane X (which is T in Fig. 1.) and 


ſo cauſes the Moon alternately to riſe above and 


ſink below the httle Ecliptic VV (Rin Fig. 1.) in 
every Lunation. 

On the ſocket or hollow axis of the Wheel N, 
there is another ſocket, on which the Wheel O is 
fixed; and the Moon's inclined Plane A is put 
tightly on the upper end of this ſocket, not on a 
ſquare, but on a round, that it may: be occaſionally 
ſet by hand without wrenching the Wheel or Axle, 
_ Laſtly, on the hollow Axis of the Wheel © is 
another ſock<c:, on which is fixed the Wheel P, and 
vn the upper end of this ſocket is put on tightly 
the Apogee plate I (that immediately below T in 
Fig. 1.) All theſe Axles turn in the upper Plate 
of he moveable frame at ; which Plate is co- 
vered with the thin Plate c c (ſcrewed to it) where- 


on are the fore- mentioned Tables and Month-Cir- 


cle in Fig. 1. 
The middle part of the thick fixed Wheel HHH 


is much broader than the reſt of it, and comes out 
between the Wheels M and O almoſt to the Wheel 


N. Io adjuſt the diameters of the Grooves of this | 
fixed Wheel to the Grooves of the ſeparate Wheels 


M, N, © and P, fo as they may perform their mo- 
tions in the proper times, the following method 


mult be obſerved. 


The Groove of the Wheel M, which keeps the 
Paralleliſm of the Farth's Axis, muſt be preciſely 


of the fame Diameter as the lower Groove Jof the 
fixed Wheel HA; but, when this Groove is fo 


well adjuſted as to ſhew, that in ever ſo many an- 


nual revolutions of the Earth, its Axis keeps its 


Paralleliſm, as may be obſerved by the ſolar Ray 


(Fig. 1.) always coming preciſely to the ſame 


Degree of the ſmall Ecliptic & at the end of every 


annual revolution, when the Index M points to the 
like Degree in the great Ecliptis; then, with the 
edge of a thin File, give the Groove of the Wheel 


Ma ſmall rub all round, and, by that means leſ- 
ſening 
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ſening the Diameter of the Groove perhaps about 


the 20th part of a hair's-breadth, it will caufe the 
Earth to ſhew the Preceſſion of the Equinoxes ; 
which, 1n many annual revolutions, will begin to 
be ſenſible, as the Earth's Axis deviates ſlowly from 
ics Paralleliſm, $ 246, towards the antecedent Signs 


of the Ecliptic. 


The Diameter of the Groove of the Wheel N, 
which carries the Moon round the Earth, muſt be 
to the Diameter of the Groove X, as a Lunation is 
to a year; that is, as 295 to 3652. 

The Diameter of the Groove of the Wheel O, 
which turns the inclined Plane X with the Moon's 
Nodes back ward, muſt be to the Diameter of the 
Groove &, as 20 to 18434, And, 

Laſtly, the Diameter of the Groove of the Wheel 
P, which carries the Moon's Apogee forward, muſt 
be to the Diameter of the Groove L, as 70 to 62. 
But, aſter all this nice adjuſtment of the Grooves 
to the proportional times of their reſpective Wheels 
turning round, and which ſeems to promiſe very 
well in Theory, there will ſtill be found a neceſ- 
ſity of a farther adjuſtment by hand; becauſe pro- 
per allowance muſt be made for the Diameters of 
the cat- gut ſtrings: and the Grooves muſt be ſo 
adjuſted by hand, as, that in the time the Earth is 
moved once round the Sun, the Moon muſt per- 


form 12 ſynodical revolutions round the Earth, and 


be almoſt 11 days old in her 13th revolution. The 
inclined Plane with its Nodes muſt go once round 
backward through all the Signs and Degrees of the- 
{mall Ecliptic in 18 annual revolutions of the Earth, 
and 225 days over. And the Apogee plate muſt 
go once round forward, ſo as its Index may go 
over all the Signs and Degrees of the {mall Eclip- 
tic in eight years (or ſo many annual revolutions of 
the Earth) and 312 days over. | 
N. B. The ſtring which goes round the Grooves 
X and N for the Moon's Motion muſt croſs be- 
tween theſe wheels; but all the reſt of the ſtrings 
| | | | go 
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go in their reſpective Grooves, IM, KO, and I. p, 
without croſſing. 


The Cour - 400. The Co TA RUM. This curious Ma. 
TARIUM» chine ſhews the Motion of a Comet or eccentric 
Body moving round the Sun, deſcribing equal areas 
in equal times, & 152, and may be ſo contrived as 
to ſhew ſuch a Motion for any Degree of Eccen- 
tricity. It was invented by the late Dr. Dzsa- 
r | 
PLATE The dark elliptical Groove round the letters 
Fig. IV. abcdefghikim is the Orbit of the Comet 7: this 
Comet is carried round in the Groove, according 
to the order of letters, by the Wire J fixed in the 
Sun 5, and ſlides oh the Wire as it approaches 
nearer to or recedes farther from the Sun, being 
neareſt of all in the Perihelion a, and fartheſt in 
the Aphelion g. The areas a SB, bSc,'c $4, &c, 
or contents of theſe ſeveral Triangles, are all equal; 
and in every turn of the Winch N the Comet Zis 
carried over one of theſe areas: conſequently. in as 
much time as it moves from F to g, or from g to b, 


it moves from m to a, or from a to þ; and fo of 


the reſt, being quickeſt of all at a, and ſloweſt atg. 
Thus, the Comet's velocity in its Orbit continually 
| decreaſes from the Perihelion @ to the Aphelion g; 
| and increaſes in the ſame proportion from # to 4. 
: The elliptic Orbit is divided into 12 equal Parts 
or Signs, with their reſpective Degrees, and ſo is 
the Circle zopqrs nn, which repreſents a great 
Circle in the Heavens, and to which the Comet's 
motion is referred by a ſmall knob on the point of 
the Wire Y. Whilſt the Comet moves from F tog 
in its Orbir, it appears to move only about five 
degrees in this Circle, as is ſhewn by the ſmall knob 
on the end of the Wire M; but in the like time, 
as the Comet moves from m to a, or from a to 0, 
it appears to deſcribe the large ſpace n or 10 in 
the Heavens, either of which ſpaces contains 120 
Degrees, or four Signs. Were the —— 
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of its Orbit greater, the greater ſtill would be the 
difference of its motion, aud vice verſd. 

ABCDEFGHIKLMA is a circular Orbit for 
ſhewing the equal Motion of a Body round the 
Sun 8, deſcribing equal Areas ASB, BSC, &c. in 
equal times with thoſe of the Body Yin its elliptical 

rbit above-mentioned ; but with this difference, 
hat the circular motion deſcribes the equal Arcs 
AB, BC, &c. in the ſame equal times that the ellip- 
tical Motion deſcribes the unequal Arcs 4 b, c, &c. 

Now, ſuppoſe the two Bodies 7 and i to ſtart 
from the Points a and A at the ſame moment of 
time, and each having gone round its reſpective 
Orbit, to arrive at theſe Points agatn at the ſame 
inſtant, the Body 7 will be forwarder in its Orbit 
than the Body 1 all the way from à to g, and from 
AtoG; but 1 will be forwarder than through 
all the other half of the Orbit; ; and the difference 
is equal to the Equation of the Body I in its Or- 
bit. At the points a, A, and g, G, that is, in the 
Perihelion and Aphelion, they will be equal; and 
then the Equation vaniſnes. This ſhews why the 
Equation of a body moving in an elliptic Orbit, is 
added to the mean or ſuppoſed circular Motion 
from the Perihelion to the Aphelion, and ſub- 
tracted from the Aphelion to che Perihelion, in 
Bodies moving round the Sun, or from the Peri- 
gee to the Apogee, and from the Apogee to the 
Perigee in the Moon's Motion round the Earth, 
according to the Precepts in the 353d Article; 
only we are to conſider, that when Motion is 
turned into Time, it reverſes the titles in the 
Table of The Moon's elliptic Equation. 


This Motion is performed in the following man- PLATE | 


ner by the machine. 4BC is a wooden bar 
the box containing the wheel-work) above which 
are the Wheels D and E; and below it the elliptic 
Plates FF and GG; each Plate being fixed on an 
Axis in one of its Focuſes, at E and K; and the 
Wheel E is fixed on the ſame Axis with the Plate 

4 FF. 


(in 7", IV, 
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FF. Theſe Plates have Grooves round their edges 
preciſely of equal diameters to one another, and in 


theſe Grooves is the cat gut ſtring gg, gg croſſing 
between the Plates at B. On H, (the Axis of the 


handle or winch Nin Fig. 4th,) is an endleſs ſcrew. 


in Fig. 5, working in the Wheels D and E, whoſe 
numbers of teeth being equal, and ſhould be equal 
to the number of lines aS, 5, c S, &c. in Fig. 4, 
they turn round their Axes in equal times to one 
another, and to the Motion of the elliptic Plates, 
For, the Wheels D and E having equal numbers 


of teeth, the Plate FF, being fixed on the ſame 


Axis with the Wheel E, and the Plate FF turning 
the equally big Plate G G by a cat-gut ftring round 
them both, they muſt all go round their Axes in 
as many turns of the handle & as either of the 
Wheels has teeth. 8 5 
It is eaſy to ſee, that the end h of the elliptical 
Plate FF being farther from its Axis E than the 
oppoſite end i is, muſt deſcribe a Circle ſo much 
the larger in proportion; and muſt therefore move 
through ſo much more ſpace in the ſame time; and 


for that reaſon the end þ moves ſo much faſter than 


the end i, although it goes no ſooner round the 
Center E. But then, the quick-moving end þ of 


the Plate FF leads about the ſhort end þ K of the 
Plate EG with the ſame velocity; and the flow 
moving end i of the Plate F 7” coming half round 


as to B, muſt then lead the long end & of the Plate 
G as ſlowly about: So that the elliptical Plate 
FF and its Axis E move uniformly and equally 
quick in every part of its revolution; but the 
elliptical Plate GG, together with its Axis K, muſt 
move very unequally in different parts of its revo- 
lution: the difference being always inverſely as the 
diſtance of any points of the Circumference of G G 
from its Axis at K; or in other words, to in- 
ſtance in two points, if the diſtance K & be four, 
five, or fix times as great as the diſtance KH, the 


Point 5 will move in that poſition four, five, or ſix 


5 times 


ere tr Hs 
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and perpendicular to th part of the ſurface of the 
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times as faſt as the point & does: when the Plate 
GG has gone half round: and fo on for any other 
Eccentricity or Difference of the Diſtances K+ and 
X. The tooth ; on the Plate F F falls in between 
the two teeth at & on the Plate 66, by which 
means the revolution of the latter 1s ſo adjuſted to 
that of the former, that they can never vary from 
one another, 

On the top of the Axis of the ith moving 
Wheel D, in Fig. 5th, is the Sun S in Fig. 4th; 
which Sun, by the Wire Z fixed to it, carries the 
Ball 1 round the Circle 43 CD, &c. with an equa- 
ble Motion, according to the order of the letters: 
and on the top of the Axis K of the unequally- 
moving Ellipſes G G, in Fig. 5th, is the Sun $ in 
Fig. 4th, carrying the Ball Fut round in 
the ellipticat Groove 4 h d, &c. N. B. This 
elliptical Groove muſt be preciſely equal and ſmi- 
lar to the verge of the Plate & G, which is allo equal 
to that of F F. | 

In this manner, Machines may be made to ſhew 
the true Motion of the Moon about the earth, or 
of any Planet about the Sun; by making the elnp- 
tical Plates of the ſame Eccentricities, in propor- 
tion to the Radius, as the Orbits of the Planets are, 
whoſe Motions they repreſent ; and fo, their dif- 
ferent equations in different parts of their Orbits 
may be made plain to fight; and clearer Ideas of 
theſe Motions and Equations acquired in half an 
hour, than could be gained from reading half a 
27 about ſuch Motions and Equations. 
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401. The IMP ROVED CELESTIAL Glo BR. On The im. 
the North Pole of the Axis, above the Hour-Circle, proved Cs. 
is fixed an Arch MK H of 233 Degrees; and at 6 af. 
the end H is fixed an Upright pin HG, which | 
ſtands directly over the North Pole of the Ecliptic, 


Globe, On this pin are two moveable Collets at PLATE 


D and , to which are fixed the quadrantal Wires pig, 11k. 
N and 
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N and O, having two little Balls on their ends for the 


Sun and Moon, as in the Figure, The Collet Dis 


fixed to the circular Plate F, whereon the 292 days 


To ny 
its 


of the Moon's age are engraven, beginning juſt 


undertheSun's Wire N; and as this Wire is moved 
round the Globe, the Plate F turns round with it, 
Theſe Wires are eaſily turned, if the ſcrew G be 
flackened; and when they are ſet to their proper 


places, the ſcrew ſerves to fix them there ſo, as in 


turning the Ball of the Globe, the Wires with the 
Sun and Moon go round with it; and theſe two 
little Balls riſe and ſet at the ſame times, and on 
the ſame points of the Horizon, for the day to 
which they are rectified, as the Sun and Moon do 


in the Heavens. 


Becauſe the Moon keeps not her courſe in the 


| Ecliptic (as the Sun appears to do) but has a De- 


clination of 52 degrees on each fide from it in 
every Lunation, & 317, her Ball may be ſcrewed 
as many Degrees to either ſide of the Ecliptic as 


her Latitude or Declination from the Ecliptic 


amounts to at any given time; and for this pur- 
poſe & is a ſmall piece of paſteboard, of which the 


curved edge at S is to be ſet upon the Globe at | 


right Angles to the Ecliptic, and the dark line over 
S to ſtand upright upon it. F rom this line, on 
the convex edge, are drawꝗ the 33 Degrees of the 
Moon's Latitude on bot 5 of the Ecliptic; 
and when this piece is ſet upright on the Globe, 
its graduated edge reaches to the Moon on the 


Wire O, by which means ſhe is eaſily adjuſted to 
her Latitude found by an Ephemeris. 


The Horizon is ſupported by two ſemicircular 


Arches, becauſe Pillars would ſtop the progreſs of 


the Balls when they go below che Horizon in an 
oblique ſphere. 

To rectiſy this Globe. Elevate the Pole to the 
Latitude of the Place; then bring the Sun's place 


in the Ecliptic for the given day to the brazen 


Meridian, and ſet the Hour-Index to XII at 8 
that 
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that i is, to the upper XII on the Hour-Circle; 
keeping the Globe in that ſituation, ſlacken the 
ſcrew G, and ſet the Sun directly over his place on 
the Meridian ; which done, ſet the Moon's Wire 
under the number that expreſſes her age for that 
day on the Plate F, and the will then ſtand over 
her place in the Ecliptic, and ſhew what Conftel- 
lation ſhe is in. Laſtly, faſten the ſcrew G, and 
laying the curved edge of the paſteboard & over 
the Ecliptic below the Moon, adjuſt the Moon to 
her Latitude over the graduated edge of the paſte- 
board; and the Globe will be rectified. 

Having thus rectified the Globe turn it round, I: uſe, 
and obſerve on what points of the Horizon the 
Sun and Moon Balls riſe and ſet, for theſe agree 190 
with the points of the Compaſs on which the Sun 20 
and Moon riſe and fer in the Heavens on the given | 
day : and the Hour-Index ſhews the times of their 
riſing and ſetting ; and likewiſe the time of the 
Moon' s paſſing over the Meridian. 

The ſimple Apparatus ſhews all the varieties 
that can happen in the riſing and ſetting of the 
Sun and Moon; and makes the forementioned | 
Phenomena of the Harveſt-Moon (Chap. xvi.) | 
plain to the eye. It is alſo very uſeful in reading | 1 
Lectures on the Globes, becauſe a large company = 
can ſee this Sun and Moon go round, riſing above | 
and ſetting below the Horizon at different times, 
according to the ſeaſons of the year; and making 
their appulſes to different fixed Stars. But in the 
vlual way, where there is only the places of the 
Sun and Moon in the Ecliptic to keep the eye 
upon, they are eaſily {oſt fight of, unleſs they be 
covered with patches. 
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402. The PrANETARV GLoBES. In this Ma- The prA- 
Chine, T is a terreſtrial Globe fixed on its Axis Gro 
ſanding upright on the Pedeſtal CD E, on which PL vil. 
8 an Hour-Circle, having its Index fixed on the ts 
Axis, which turns ſomewhat tightly in the Pedeſtal, 


E e ſo 


418 


be PranzTary GLOBE deſcribed. 


ſo that the Globe may not be liable to ſhake; tz 

re vent which, the Pedeſtal is about two Inches 
thick, and the Axis goes quite through it, bearing 
on a ſhoulder. The Globe is hung in a graduated 
brazen Meridian, much in the uſual way; and the 
thin Plate N, NE, E is a moveable Horizon, gra- 
duated round the outer edge, for ſnewing the Bear- 
ings and Amplitudes of the Sun, Moon, and Pla. 
nets. The brazen Meridian is grooved round the 
outet edge; and in this Groove is a ſlender ſemi. 
circle of braſs, the ends of which are fixed to the 


Horizon in its North and South Points: this ſemi- 


circle ſlides in the Groove as the Horizon is moved 
in rectifying it for different Latitudes. To the 
middle of the ſemi- circle is fixed a Pin, which al- 
ways keeps in the Zenith of the Horizon, and on 
this Pin, the Quadrant of Altitude q turns; the 
lower end of which, in all poſitions, touches the 


Horizon as it is moved round the fame. This 


Quadraat is divided into go Degrees from the Ho- 


rizon to the Zenithal Pin on which it is turned, at 


90. The great flat Circle or Plate A B is the Eclip- 
tic, on the outer edge of which the Signs and De- 


'grees are laid down; and every fifth Degree i 
drawn through the reſt of the ſurface of this Plate 
towards its Center. On this Plate are ſeven 
Grooves, to which ſeven little Balls are adjuſted by 
ſliding Wires, ſo that they are eaſily moved in the 


Grooves, without danger of ſtarting out of them. 


The Ball next the terreſtrial - Globe is the Moon, 


the next without it is Mercury, the next Venus, 
the next the Sun, then Mars, then Jupiter, and 


laſtly Saturn; and -in order to know them, they 
are ſeparately ſtampt with the following Characters; 
, „ 2, E, 4, u, h. This Plate or Ecliptic 1s 
ſupported by four ſtrong Wires, having their lower 
ends fixed into the Pedeſtal, at C, D, and E, the 
fourth being hid by the Globe. The Ecliptic | 
inclined 234 Degrees to the Pedeſtal, and is there- 


fore 
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The PlAxETARY GLoBE deſcribed. 


fore properly inclined to the Axis of the Globe 
which ſtands upright on the Pedeſtal. | 

To reftify this Machine, Set the Sun, and all the 
planetary. Balls, to their geocentric places in the 
Ecliptic for any given time, by an Ephemeris: 


then ſet the North Point of the Horizon to the 


Latitude of your place on the brazen Meridian, 
and the Quadrant of Altitude to the South Point 
of the Horizon; which done, turn the Globe with 
its Furniture till the Quadrant of Altitude comes 
right againſt the Sun, viz. to his place in the Eclip- 
tic; and keeping it there, ſet the Hour Index to 
the XII next the letter C; and the Machine will 


be rectified, not only for the following Problems, 


but for ſeveral others, which the Artiſt may eaſily 
find out. io. 
4 EROALEM.L 


To find the Amplitudes, Meridian Altitudes, and 
times of riſing, culminating, and ſetting, of the 
San, Moon, and Planets. 


Turn the Globe round eaſtward, or according tts ue. 


to the order of Signs; and as the eaſtern edge of 
the Horizon comes right againſt the Sun, Moon, 
or any Planet, the Hour Index will ſhew the time 
of its riſing; and the inner edge of the Ecliptic 
will cut its riſing Amplitude in the Horizon. 
Turn on, and as the Quadrant of Altitude comes 
right againſt the Sun, Moon or Planets, the Eclip- 
tic cuts their meridian Altitudes in the Quadrant, 
and the Hour Index ſhews the times of their com- 
ing to the Meridian, Continue turning, and as 
the weſtern edge of the Horizon comes right againſt 
the Sun, Moon, or Planets, their ſetting Ampli- 
tudes are cut in the Horizon by the Ecliptic ; and 
the times of their ſetting are ſhewn by the Index 
on the Hour Circle, 
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PROBLEM II. 


” find the Altirude and Azimuth of the Sun, Moon, 
and Plantts, at any time of their being above tht 
Hori Zo n. . 


Turn the Globe till the Index comes to the 
given time in the Hour Circle; then keep the 
Globe ſteady, and moving the Quadrant of Alti. 
tude to each Planet reſpectively, the edge of the 
Ecliptic will cut the Planet's mean Altitude on the 
Quadrant, and the Quadrant will cut the Planet's 
Azimuth, or Point of bearing on the Horizon, 


PROBLEM III. 


The Sun's Altitude being given at any time either be- 
ore or after Noon, to find the Hour of the Day, 
and the Variation of the Compaſs, in any known 
Latitude. 


With one band hold the edge of the Quadrant 


right againft the Sun; and, with the other hand, 
turn the Globe weſtward, if it be in the farenoop, 
or eaſtward if it be in the afternoon, until the 
Sun's place at the inner edge of the Ecliptic cuts 
the Quadrant in the Sun's obſerved Altitude; and 
then the Hour Index will point out the time of 


the day, and the Quadrant will cut the true Azi- 


The Tr a- 


JECTORI- 
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muth, or Bearing of the Sun for that time: the 
difference between which, and the bearing thewn 
by the Azimuth Compaſs, ſhews the Variation of 
the Goals 1 in that place of the Earth, 


40g. The TRA JIECTORTUM LUN ARE. This Ma- 
chine is for delineating the Paths of the Earth and 
Moon, ſhewing what ſort of Curves they make in 


the ethereal regions; and was Juſt mentioned in 
the 
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the 266th Article, & is the Sun, and E the Earth, PLATE 


other; every Inch anſwering to a Million of Miles, 
$ 47. Mis the Moon, whoſe. Center is 385 parts 
of an Inch from the Earth's in this Machine, this 
being in juſt proportion to the Moon's diſtance 
from the Earth, $ 52. AA is a Bar of Wood, to 
be moved by hand round the Axis g, which is fixed 
in the Wheel 7, The Circumference of this 
owes is to the Circumference of the ſmall] Wheel 

L (below the other end of the Bar) as 3554 days 
is to 2913 or as a Year is to a Lunation. The 
Wheels are grooved round their edges, and in the 
Grooves is the cat- gut ſtring & G croſſing between 
the Wheels at X. On the Axis of the Wheel J. 
is the Index FE, in which is fixed the Moon's Axis 
M for carrying her round the Earth E (fixed on 
the Axis of the Wheel I.) in the time that the In- 


dex goes round a Circle of 294 equal parts, which 


are the Days of the Moon's age. The Wheel 7 
has the Months and Days of the year all round its 
Limb; and in the Bar AA is fixed the Index 7, 
which points out the Days of the Months anſwer- 
ing to the Days of the Moon's age, ihewn by the 
Iadex F, in the Circle of 291 equal parts at the 


other end of the Bar. On the Axis of the Wheel 
'L is put the piece D, below the Cock C, in which 


this Axis turns round; and in D are put the Pen- 
cils e and n, directly under the Earth E and Moon 


T ſo that is carried round e, as Mis round E. 


whoſe Centers are 81 Inches diſtant from each pig. V. 


Lay the Machine on an even Floor, preſſing gently h vs. 


on the Wheel, to cauſe its ſpiked feet (of which 


two appear at P and P, the third being ſuppoſed 
to be hid from fight by the Wheel) enter a little 


into the Floor to ſecure the Wheel from turning. 
Then lay a paper about four feet long under the 
Pencils e and m, croſs-wiſe to the Bar: which done, 
move the Bar ſlowly round the Axis g of the Wheel 


2; and, as the Earth E goes round the Sun S, the 
Moon M will go round the Earth with a duly pro- 
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portioned velocity; ; and the friction Wheel W run. 


ning on the Floor, will keep the Bar from bearing 


too heavily on the Pencils e anden, which will de- 
Jineate the Paths of the Earth and Moon, as in 
Fig. 2d. already deſcribed at large, § 266, 267. 
As the Index 7 points out the Days of the Months, 


the Index F ſhews the Moon's age on theſe Days, 


in the Circle of 294 equal parts. And as this laſt 
Index points to the different days in its Circle, 
the like numeral Figures may be ſet to thoſe parts 


of the Curves of the Earth's Path and Moon's, 


where the Pencils e and are at thoſe times re- 


. to ſnew the Places of the Earth and 


Moon. If the Pencil e be puſhed a very little off, 
as if from the Pencil , to about n part of their 
diſtance, and the Pencil m puſhed as much ee 
e to bring them to the ſame diſtance again, though 
not to the ſame points of ſpace; then, as m goes 
round e, e will go as it were round the Center of 
Gravity between the Earth e and Moon m, & 298; 
but this motion will not ſenſibly alter the Vi Ins 
of the Earth's Path or the Moon's. , 

If a Pin, as p, be put through the Pencil n, with 


its head towards that of the Pin q in the Pencil e, 
its head will always keep thereto as goes round 


e, or as the ſame ſide of the Moon is ſtill obverted 


to the Earth. But the Pin p, which may be con- 
{ſidered as an equatorial Diameter of the Moon, 


will turn quite round the point m, making all pol- 
ſible Angles with the Line of its Progreſs, or Line 


of the Moon's Path. This is an ocular proof of 


the Moon's turning round her Axis, 


The T1vr- 
Diat. 


404. The Pros: DIAL, The outſide parts of 


this Machine conſiſt of, 1. An eight-fided Box, on 
the top of which at the corners is ſhewn the Phaſes 
Hof the Moon at the Octants, Quarters, and Full. 


Within theſe is a Circle of 294 equal parts, which 


are the days of the Moon's age accounted from the 
Sun at New Moon, round to the Sun again, Within 


thiz 


* 


Ce + has 1 


Te Tipz-D14L deſcribed; 


this Circle is one of 24 hours divided into: their re - 
ſpective Halves and Quarters. 2. A moving el- 
liptical Plate, painted blue, to repreſent the riſing 
of the Tides under and oppoſite to the Moon; 
and has the words, High Water, Tide falling, Low 


Water, Tide riſing, marked upon it. To one end 


of this Plate is fixed the Moon M by the Wire V, 
and goes along with it. 3. Above this elliptical 
Plate 1s a round one, with the points of the Com- 
paſs upon it, and alſo the names of above 200 places 
in he large Machine (but only 32 in the Figure, 
to avoid confulion) ſet over thoſe Points on which 
the Moon bears when ſhe raiſes the Tides to the 
greateſt heights at theſe Places twice in every lunar 
day: and to the North and South Points of this 
Plate are fixed two Indexes I and K, which ſhew the 
times of High Water, in the Hour Circle, at all 
theſe places. 4. Below the elliptical Plate are four 


ſmall Plates, two of which project out from below 


its ends at Ne and Full Moon; and ſo, by length- 
ening the Ellipſe, ſnew the Spring Tides, which 
are then raiſed to the greateſt heights by the united 


attractions of the Sun and Moon, § 302. The 1s ui, 
other two of theſe ſmall Plates appear at low water 


when the Moon is in her Quadratures, or at the 
ſides of the elliptic Plate, to ſhew the Neap-Tides; 
the Sun and Moon then acting croſs-wiſe to each 
other. When any two of theſe ſmall Plates appear, 
the other two are hid; and when the Moon 1s in 
her Octants, they all diſappear, there being neither 
Spring nor Neap Tides at thoſe times. Within 


the Box are a few Wheels for performing theſe 


Motions by the Handle or Winch H. | 
Turn the Handle until the Moon M comes to 


any given day of her age in the Circle of 29z equal 


parts, and the Moon's Wire F/ will cut the time 


of her coming to the Meridian on that day, in the 
Hour Circle; the XII under the Sun being Mid- 


dap, and the oppoſite XII midnight; then looking 


for the name of any given place on the round Plate 
E e 4 (Which 
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The Tibr-DiAl Aferibed. 
(abich makes 291 rotations whilſt the Moon 77 


makes only one revolution from the Sun to the 
Son again) turn the Handle till Sat place comes 


to the word High Water under the Moon, and the 
Index which falls among the Forenoon Hours will 


ſhew the time of High Water at that place in the 


Forenoon of the given day: then turn the Plate 
balf round, till the ſame place comes to the oppo- 
ſite High Water Mark, and the Index will ſhew 
the time of High Water in the Afternoon at that 

lace, And thus, as all the different places come 
— under and oppoſite to the Moon, the 
Indexes ſhew the times of High Water at them in 


both parts of the day: and when the ſame' places 


come to the Low Water Marks, the Indexes ſhew 


the times of Low Water. For about three days 


before and after the times of New and Full Moon, 
the two ſmall Plates come out a little way from 
below the High Water Marks on the elliptical 
Plate, to ſhew that the Tides riſe ſtill higher . 
theſe times; and about the Quarters, the other two 


Plates come out a little from under the Low 
| Water Marks towards the Sun and on the oppoſite 
| ſide, ſhewing that the Tides of Flood riſe not then 


ſo high, nor do the Tides of Ebb fall ſo low; as at 
other times, 

By pulling the Handle a little way outward, it 
is diſengaged from the Wheel-work, and then the 
upper Plate may be turned round quickly by hand, 
ſo as the Moon may be brought to any given day 
of her age in about a quarter of a minute: and by 


puſhing in the Handle, it takes hold of the Wheel- 


work again. 

On 4 B, the Axis of che Handle H, 1s an endleſs 
Screw C, which turns the Wheel FE D of 24 teeth 
round in 24 revolutions of the Handle: this Wheel 
turns another ONG of 48 teeth, and on its Axis 
is the Pinion P of four leaves, which turns the 
Wheel LX [of 59 teeth round in 294 turnings or 


rotations of the Wheel FE * or 10 708 revolu- 


1 2 tions 


The DrAI-PLATE A | 


tions of the Handle, which is the number of Hours 
in a ſynodical revolution of the Moon. The round 
Plate with the names of Places upon it is fixed on 
the Axis of the Wheel FED; and the Elli ptical 
or Tide-Plate with the Moon fixed to it is * 
the Axis of the Wheel LX I; conſequently, the 
former makes 293 revolutions in the time that the 
latter makes one. The whole Wheel FE D, 
with the endleſs Screw C, and dotted part of the 
Axis of the Handle 4 B, together with the dotted 
part of the Wheel ON G, lie hid below the large 
Wheel LN I. 

Fig. IX th repreſents the under ſide of the Ellip- 
tical or Tide-Plate a h c d, with the four ſmall Plates 
ABCD, EFGH, IKLM, VOP upon it: each 
of which has two ſlits, as TT, SS, RR, U, ſliding 
on two Pins, as # M fixed in the elliptical Plate. 
In the four ſmall Plates are fixed four Pins, at 
W, A, Z, and Z; all of which work in an elliptic 

Groove 9900 on the cover of the Box below the 
elliptical Plate; the longeſt Axis of this Groove 
being in a right line with the Sun and Full Moon, 
Conſequently, when the Moon is in Conjunction 

or Oppoſition, the Pins V and & thruſt out the 
Plates AB CD and IKLM a little beyond the 
ends of the elliptic Plate at d and 3, to F and e; 

| whilſt the Pins Fand Z draw in the Plates EFGH 
and NO quite under the elliptic Plate to g and 
b. But, when the Moon comes to her firſt or 581 
Quarter, the elliptic Plate lies acroſs the fixed ellip- 

tic Groove in which the Pins work; and therefore 

the end Plates 4 B CD and IXIL M are drawn in 
below the great Plate, and the cther two Plates 

EFGHand NO P are thurſt out beyond it to 

a and c. When the Moon is in her Octants, the 

Pins J, X, Z, Z are in the parts o, o, o, o of the 

elliptic Groove, which parts are at a mean between 

the greateſt and leaſt diſtances from the Center 4, 

and then all the four ſmall Plates below 
the den one. 
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We ECLIPSAREON deſcribed. 


405. The EclirsAR Eo. This Piece of Me- 
chanifn exhibits the Time, Quantity, Duration, 
and Progreſs of ſolar Lelipts at all Parts of che 


Earth. 
The principal paris of this Machine are, 1. A 


_ terreſtrial Globe A turned round its Axis B by the 


Handle or Winch M; the Axis B inclines 234 


Degrees, and has an Index which goes round the 
Hour-Circle D in each rotation of the Globe. 2. 
A circular Plate E, on the Limb of which the 
Months and days of the year are inſerted. This 
Plate ſupports the Globe, and gives its Axis the 


| fame poſition to the Sun, or to a Candle properly 


placed, that the Earth's Axis has to the Sun upon 
any day of the year, § 338, by turning the Plate 
till the given Day of the Month comes to the fixed 
Pointer, or Annual Index G. 3. A crooked Wire 
F, which points toward the middle of the Earth's 


enlightened Diſc at all times, and ſhews to what 


place of the Earth the Sun 1s vertical at any given 
time. 4. A Penumbra, or thin circular Plate of 
braſs J divided into 12 Digits by 12 concentric 


Circles, which repreſent a Section of the Moon's | 
Penumbra, and is proportioned to the ſize of the 


3lobe ; ſo that the ſhadow of this Plage, formed 
by the Sun, or a Candle placed at a — 
tance, with its Rays tranſmitted through a convex 
Lens to make them fall parallel on the Globe, 
covers exactly all thoſe places upon it that the 
Moon's Shadow and Penumbra do on the Earth: 
jo that the Phenomena of any ſolar Eclipſe may be 


ſhewn by this Machine with Candle-light almoſt as 
well as by the tight of the Sun. 5. An vpright 


frame 7H HH, on the ſides of which are Scales 
of the Moon's Latitude or Declination from the 
Ecliptic. To theſe Scales are fitted two Sliders K 
and K, with Indexes for adjuſting the Penumbra's 
Center to the Moon's Latitude, as it is North ot 
South Aſcending or Deſcending. 6. A ſolar Ho- 
rizon C, Wriding the enlightened Hemiſphere * 
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the Globe from that which is in the dark at any 
ven time, and ſhewing at what places the general 
Eclipſe begins and ends with the riſing or letting 
Sun. 7. A Handle M, which turns the Globe 
round its Axis by wheel- work, and at the ſame time 
moves the Penumbra acroſs the frame by threads 
over the Pulleys L, L, L, with a velocity duly pro- 
portioned to that of the Moon's ſhadow over the 
Earth, as the Earth turns on its Axis. And as 
the Moon's Motion is quicker or flower, accordin 
to her different diſtances from the Earth, the pe- 
numbral Motion is eafily regulated in the Machine 
by changing one of the Pulleys. 
To retiify the Machine for uſe. The true time of; 
New. Moon and her Latitude being known by the 
foregoing Precepts, & 353, et. /eq. if her Latitude 
exceeds the number of minutes or diviſions on the 
Scales (which are on the fide of the frame hid from 
view in the Figure of the Machine) there can be 
no Eclipſe of the Sun at that Conjunction; but if 
it does not, the Sun will be eclipſed to ſome places 
of the Earth ; and, to ſhew the times and various 
appearances of the Eclipſe at thoſe P proceed 
in order as follows. 

To rectiſy the Machine for performing by the Light 
4 the Sun. 1. Move the Sliders KK till their In- 
xes point to the Moon's Latitude on the Scales, 
as it is North or South Aſcending or Deſcending 
at that time: 2. Turn the Month-Plate E till the 
day of the given New Moon comes to the Annual- 
Index G. 3. Unſcrew the Collar Na little on the 
Axis of the Handle, to looſen the contiguous ſocket 
on which the threads that moves the Penumbra are 
wound; and ſet the Penumbra by Hand till its 
Center comes to the perpendicular thread in the 
middle of the frame; which thread repreſents the 
Axis of the Ecliptic. 4. Turn the Handle till the 
Meridian of London on the Globe comes juſt under 
the point of the crooked Wire F; then ſtop, and 
turn as Hour-Circle D by Hand till XII at Noon 
i; comes 
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comes to its Index, and fet the Penumhra's middle 
to the thread. 5. Turn the handle till the Hour- 
Index points to the time of New Moon in the Circle 


D; and holding it there, ſcrew faſt the Collar N. 
Laſtly y, elevate the Machine till the Sun ſhines 
through the Sight - Holes in the ſmall upright Plates 
O, O on the Pedeſtal; and the whole Machine will 


be rectified. 


To reftify the Machine for: fhowts by Candle-light, 


| Proceed in every reſpect as above, except in that 


part of the laſt paragraph where the Sun is men- 


tioned; inſtead of which place a Candle before the 


Machine, about four yards from it, fo as the ſhadow 
of interſection of the croſs threads in the middle 
of the frame may fall preciſely on that part of the 


Globe to which the crooked. Wire # points: then, 


with a pair of Compaſſes, take the diſtance be- 
tween the Penumbra's Center and Interſection of 
the threads; and equal to that diſtance ſet the Can- 
dle higher or lower, as the Penumbra's Center is 
above or below the ſaid Interſection. Laſtly, place 
a large convex Lens between the Machine and 


Candle, fo as the Candle may be in. the Focus of | 


the Lens, and then the Rays will fall parallel, and 


caſta ſtrong light on the Globe. 
-+; Theſe, things done, which may be ſooner than 


exprelicd, . turn the Handle backward, until the 


Penumbra almoſt. touches the ſide H F of the frame; 
then turning it gradually forward, obſerve the fol- 
lewing Phenomena... 1. Where the eaſtern edge of 


the Shadow of the penumbral Plate 7 firſt W 


the Globe at the. ſolar Horizon, thoſe who inhabit 
the correſponding. part of the Earth ſee the Eclipſe 
begin on che uppermoſt, edge of the Sun, juſt at 
the time of its riſing. 2. In that place where the 


Penumbra's Center firſt touches the Globe, the in- 


habitants have the Sun riſing upon them centrally 
eclipſed, 3. When the whole Penumbra juſt falls 
vpon the Globe, its weſtern edge at the ſolar Ho- 


rizon 5 and * the Place where r 
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ends at Sun-riſe on his lowermoſt edge. Continue 
turning; and 4. the croſs lines in the Center of the 


aha will go over all thoſe places on the 


Globe where the Sun is centrally eclipſed. 5. 
When the eaſtern edge of the ſhadow touches any 
place of the Globe, the Eclipſe begins there; 
when the vertical line in the Penumbra comes to 
any place, then is the greateſt obſcuration at that 
place; and when the weſtern edge of the Penum- 


bra leaves the place, the eclipſe ends there; the 


times of all which are ſhewn on the Hour. Circle; 
and from the- beginning to the end, the Shadows 
of the concentric penumbral Circles thew the num- 
bers of Digits eclipſed at all the intermediate times. 
6. When the eaſtern edge of the Penumbra leaves 
the Globe at the ſolar Horizon C, the inhabitants 
ſee the Sun beginning to be eclipſed on his lower- 
moſt edge at its ſetting. 7. Where the Penumbra's 
Center leaves the Globe, the inhabitants ſee the Sun 
ſet centrally eclipſed. And laſtly, where the Pe- 
numbra is wholly departing from the Globe, the 
inhabitants ſee the Eclipſe ending on the upper- 
moſt part of the Sun's edge, at che time of its diſ- 
appearing in the Horizon. 


N. B. If any given day of the year on ch Plate 
E be ſet to the Annual - Index G, and the Handle 
turned till the Meridian of any place comes under 
the point of the crooked Wire, and then the Hour- 


Circle D ſet by the hand till XII comes to its 


Index; in turning the Globe round by the Handle, 
when the ſaid place touches the eaftern edge of 
the Hoop or ſolar Horizon C, the Index news the 
time of Sun- ſetting at that place; and when the 
place is juſt coming out from below the other edge 
of the Hoop 2 the Index ſhews the time when 
the evening Twilight ends to it. When the place 
has gone through the dark part 4, and comes about 
lo as to touch under the back of rhe Hoop C, on 
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the other ſide, the Index ſhews the time when the 
Morning Twilight begins; and when the ſame 
place is juſt coming out from below the edge of 


the Hoop next the frame, the Index points out 


the time of Sun-riſing. And thus, the times of 
Sun-riſing and ſetting are ſhewn at all places in one 


rotation of the Globe, for any given day of the 
year: and the point of the crooked Wire F ſhews 


all the places over which the Sun paſſes vertically 


on bog day. 
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PLAIN METH O D 


OF FINDING 


The DISTANCES of all the PLANETS 


from the SUN, 


BY THE 


TRANSIT of VENUS over the SUN's 
_ DISC, in the Year 1761. 


To which is ſabjoined, 


An Account of Mr. HORROX's Obſervations of 


the TRANSIT of VE "Fs in the Year 1639. 


\ 
AND ALSO, 


| Of the DISTANCES of all the PLANETS from the 
| SUN, as deduced from OBSERVATIONS of the 


TRANSIT in the Year 1761. 
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the Sen has Rath engaged the attem- 
tion of Aﬀtonomers, as it is a phend- 
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nero un feen, and as the parallaxes 6f the 


Sum and Planets, and their diſtances from one ano- 
cher, _ be found with greater accuracy by it, 
thin any other method Nt known. 

che parallax of the Jun, Moon, or any push. 
Wait Miene between its true and apparent place 


in the heaven. The true place of any celeſtial ob- 


eB, referred to the ffarry heaven, is that in which 
8 — ear ff ſcen from che center (of the 
ar he reit place, is that in which it a 
pars. Fee A Earth s furface. wah 
. Totxplairthis, tet 4B DA be the Earth (Fig * 
bf Plate XIV.), © res center, M, the Moon, and 
Z XN an arc o che ſtarry heaven. To an obferver 
A* Ce(fuppoßag the Earth to be tranfparent) che 
Moch A wilt alpen ar U, wich is her true Place 


Orr? 


fle un of "this Pikerttiot es Jußppfed in the en- 


ning of kbe year 17615 before the Tiste of the Tranfir, except 


the n Sch Articles, which are added ſince that tine. 
Ff referred 
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referred to the ſtarry firmament : but at the ſame 
inſtant, to an obſerver at 4 ſhe will appear at 2, 
below her true place as among the ſtars.— The 
angle AMC. is called the Moon's parallax, And is 
equal to the oppoſite angle Mu, whoſe meaſure 
is the celeſtial arc Ua. — The whole Earth is but a 
point if compared with its diſtance from the fixed 
Mars, and therefore we conſider the ſtars as having 
rr 
3. The nearer the object is to the horizon, the 
greater is its parallax; the nearer it is to the ze- 
nith, the leſs, In the horizon it is greateſt of all, 
in the zenith it is nothing. Thus let 4 L. be the 
ſenſible horizon of an obſerver at 4; to him the 
Moon at L is in the horizon, and her parallax is the 
angle 4 LC, under which the Earth's ſemidiameter 
406 appears as ſeen from her. This angle is called 
the Moon's horizontal parallax, and is equal to the 
oppoſite angle 7 Lt, whoſe meaſure is the arc 7 
In the ſtarry heaven. As the Moon: riſes higher 
and higher to the points M, N O, P in her diur- 


nal courſe, the parallactic angles .U Mu, X Ns, 


YO, diminiſh, and fo do the arcs Us, Xx, Ty, 


which are theit meaſures, until the Moon comes to | 


P; and then ſhe appears in the zenith Z without 


any parallax, her Pcs being.the ſame as ſeen from 


4. If the obſerver at 4 could take the true mea- 
ſure or quantity of the parallactic angle 4 LC, he 
might thereby find the Moon's. diſtance from the 
center of the Earth. For then, in the plain tri- 

ngle LAC, the fide AC, which is the, Earth's 
ſemidiameter, the angle ALC, which is the Moon's 
horizontal parallax, and the right angle CAI, 


LY 


would be given. © Therefore, by trigonometry, As 


the tangent of the parallactic angle ALC is to ra- 
dius, ſo is the Earth's ſemidiameter AC to the 


Moon's diſtance CL from the Earth's: center C.— 


But becauſe we conſider the Earth's ſemidiameter as 
wy 40 * the logarithm of unity is — » = 


urface, and from C its center. 
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tract the logarithmic rangent of the angle ALC 
from radius, and the remainder will be the loga- 
rithm of CL, whoſe number is equal to the num- 
ber of ſemidiameters of the Earth by which the 
Moon is diſtant from the Earth's center. Thus 
ſuppoſing the angle 4 LC of the Moon' s horizon- 
tal parallax to be 57' 18”, | 2 
From the radius — — 10:0000000 
Subtract the tangent of 57 1 Ty 8.2219207 
emen 1 
which is the logarithm of 59:99; the number of ſes 
midiameters of the Earth which are equal to the 
Moon's diſtance from the Earth's center. Then; 


59.99 being multiplied by 3985, the number of 


miles contained in the Earth's ſemidiameter; will 
give 239060 miles for the Moon's diſtance from 
the center of the Earth, by this parallax. 

But the true quantity of the Moon's horizon= 
tal parallax cannot be accurately determined by ob- 
ſerving the Moon in the Horizon, on account of 
the inconſtancy of the horizontal refractions, which 
always vary according to the ſtate, of the atmo- 
ſphere; and, at a mean rate, elevate the Moon's 
apparent place near the horizon half as much more 
than as her parallax depreſſeth it. And therefore, 
to have her parallax more accurate, Aſtronomers 
have thought of the following method, which ſeems 
to be a very good one, bur hath not yet been put 
in practice. 2 

Let two obſervers be placed under the ſame 


meridian, one in the northern hemiſphere, and the 


other in the ſouthern, at ſuch a diſtance from each 
other, that the arc of the celeſtial meridian in- 


cluded between their two zeniths may be at leaſt 
80 or go degrees. Let each obſerver take the diſ- 
tance. of the Moon's center from his zenith, by 
means of an exceeding good inſtrument, at the 


moment of her paſſing the meridian: add theſe 


two zenith-diſtances of the Moon together, and 
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their exceſs above the diſtance between the tub 


zeniths will be the diſtance berween the two 45: 


parent paces of the Moon. Then, as the fut of 


the natural lines of the two zenith diftances of the 


Moon is to radius, fo is the diftance between her 


two apparent places to her horizontal parallax : 
which being found, her'diſtance from the Farth's 
cefiter may be found by the analogy mentioned in 
_ Thus, in Fig. 2. ket ECA be the Earth, Mthe 
Moen; and Z Y AZ an arc of the celeſtial meridian, 


Ker . be Vienna, whoſe latitude EY is 48 28 north: 
hd © the Cape of Good Hope, whoſe Latitude EC is 


A 30 ſouth : both which latitudes we ſuppoſe to 
he accurately derertrijned. before-hahd by the ob- 

res. As thele two Places are on the ſame me. 
ridian VE Cs, and in different hemiſpheres, the 


- 


fum of their latitudes 822 go' is their diſtance from 
r 2 7 „ If + We #3 babe: 3 5; i, g 
each other; E is the zenith of Yienma, and Z the 
r r F153 + $885» 4& * 
zenith of the Cape of Gd Hope; which two zeniths 


are alſo 83* e, diſtant from each orher, in the 


comthon celeitial meridian Z x. To the obſerver 


t Vienid, the Moon's center will appear at 4 in 


ie celeſtial meridian; and at the ſame inſtant, to 
the. obſerver at the Cape, it will appear dt 3. Now 
fuppoſe the Moon's diſtance Z @ from the zenith 
of Vienna to be 38* 1" 53%; and her diſtante 25 
from the zenith of the Cape of Good Hope to be 46* 


4 41”: the ſum of theſe two zenith-diſtances 


(Za +25) is 84* 6* 34”, from which fubtratt 
82% 50%, the diſtance Zz between the zeniths of 
theſe two places, and there will remain 1 16' 34” 
for the arc 5 a, or diſtance between the two appa- 
rent places of the Moon's center, as ſeen from / and 
from C. Then, ſuppoſing the tabular radius to be 


10000000, the natural ſine of 387 1' 53” (the arc 


Za) is 6160816, and the natural fine of 46 


41“ (the arc Z 5) is 72028213 the ſum of both theſe 
lines is 13363037, Say, therefore, As 13303637 
7 5 is 


., 


—— 


And ſince the relative bulks of ſp 


of the Planets from the Sun. 
is to 10000000, fo is 1 16“ 34”, to 57 18”, which 
is the Moon's horizontal parallax. 
If the two places of obſeryation be not exactly 
, 191 3 f „ INTE ESI YO Eng R 
under the ſame meridian, their difference of longi- 
tude muſt be accurately taken, that Proper allow- 
ance may be made for the Moon's declination whilſt 


ſhe is paſſing from che meridian of the one to the 
meridian of the other. 545% 
6. The Earth's diameter, as ſeen from the Moon, 
ſobtends an angle of double the Moon's horizontal 
parallax; which being ſuppoſed as (above) to be 

' 18”, or 3438”, the Earth's diameter muſt be 
„ 54 36”, or 6876”. When the Moon's hoti- 
zontal parallax (which is variable on account of 


4 o 


IS 


the eccentricity of her orbit) is 37“ 18“, her dia- 


meter ſubtends an angle 317 2”, or 1862” : there- 
fore the Earth's diameter is to the Moon's diame- 
ter, as 6876 is to 1852; that is, as 


3.69 is to 1. 

I ſince the relative bulks « pere bodies 
are as the cubes of their diameters, the Earth's 
bulk is to the Moon's bulk, as 49.4 is to 1. 
7. The parallax, and conſequently the diſtance 
and bulk, of any primary planet, might be found 
in the above manner, if the planet was near enough 
to the Earth, fo as to make the difference of its 
two apparent places ſufficiently ſenſible: but the 
neareſt planer is too remote for the accuracy re- 
quired, In order therefore to determine the diſ- 
rances and relative bulks of the planets with an 
tolerable degree of preciſion, we muſt have recourfe 
to a method leſs liable to error: and this, the ap- 
proaching rranfir of Venus over the Sun's diſc will 
—_—_ i. EH 
8. From the time of any inferior conjunction of 
the Sun and Venus to the next, is 583 days 22 
hours 7 miputes. And, if the plane” of Venus's 
orbit were coincident with the plane of the ecliptic, 
me would paſs directly between the Earth and the 
8 i pat: Ire Ly Of „ tRn3 ne Veer nents Eres 
Sun at each inferior conjunction, and would then 


_ 3ppear like a dark round ſpot on the Sun for about 


Ff 3 i 7" ToRUoe 


8 
7 
: 

bl 
7 
* 
, 
& 
& 
7 
v 
* 
1 
"5 
* i 
2% 
. 
1 
7 4 
[2 
4 
* 
} 
* 4 
- 
5 
i 04 
: 
[5 
f 1 


r FLIP S:9> 
en ee ee 


. 
— 2 
—— 3 — 3 


— — — 4. od 


r 2 ; 8 TTF 
a: N . AAA 
— —UU— — = - I 2 

* = * 


N 


== 


ISS - 
RESI od! 


—_— — " 
— Apa. <oeronr ie ens nk. : 
— — 


1 Fe 2 * n 8 


— — —. eg 
224 32. —* 


r 


— 
— — — 
— '4 


bs EOS RS 8 
— e 
Pet” CORO EINE Fs 


"WR Ha ins pee, 7 


Ro 


Ho he > 2 
— A 
\ . 
— — 
— 


435 


Fhe Method of finding the DiPances 


7 hours and 3 quarters, But Venus 8 "bit (like 
the Moon's) only interſects the ecliptic in two op- 
polite oints, called its Nodes. And therefore one 
half fg t is on the north fide of the ecliptic, and 
the ather on the ſouth : on which account, Venus 


can never be ſeen on the Sun, but at thoſe inferior 


conjunctions which happen in or near the nodes of 
her orbit. At all the other conjunctions, ſhe either 

afſes above or below the Sun; and her dark fide 
0 then towards the Earth, ſhe is inviſible, — 
The laſt time when this planet was ſeen like a ſpot 
on the Sun, was on the 24th of November Old 
Stile, in the year 16 3% 


ARTICLE I. 


Shewiug how to find the horizontal parallax of Venus 
obſervation, „ and from thence » by analogy, the 


parallax and diftance of the g un, and of all the 
Planets from bim. 


9. In Fig. 4. of Plate XIV. let DB 4 be the 


bon. LVenus, and 7 8 R the eaſtern limb of the 


un. To an obſeryer at B, the point 7 of that limb 
will be on the meridian, its place referred to the 
heayen will be at E, and Venus will appear juſt 
within it at &. But, at the ſame inſtant, to an ob- 
ſerver at 4, Venus is eaſt of the Sun, in the right 
line AY F; the point F of the Sun's limb appears 
at e in the heaven, and if Venus were then viſible, 
ſhe would appear at F. The angle C/ 4 is the 
horizontal parallax of Venus, which we ſeek ; and 
is equal to the oppoſite angle IE, whoſe mea- 
ſure is the arc FE. AS C 1s the Doin s horizontal 


parallax, equal 't to the oppolite angle e S E, whoſe 


meaſure is the arc eE: and F Ae (the ſame as 


Av) is Venus's horizontal parallax from the Sun, 


which may be found by obſerving how much later 
in abſolute time her total ingreſs « on the Sun 1s, as 


ſeen from A, than as ſeen from B, which is the 
1 8 time 


F the Planets from the Sun. 
time he takes to move from to v in her orbit 
OY v 

10. It appears by the tables of Venus s motion 
and the Sun's, that at the time of her enſuing tran- 
fit, ſhe will move 4“ of a degree on the Sun's diſc 
in 60 minutes of time; and therefore ſhe will move 
4" of a degree in one minute of tine. 

Now let us ſuppoſe, that 4 is 900 weſt of B, 
ſo that when it is noon at B, it will be VI in the 
morning at A; that the total ingreſs as ſeen from 
B is at 1 minute paſt XII. but that as ſeen from A 


it is at 7 minutes 30 ſeconds paſt VI: dedu& 6 


hours for the difference of meridians of A and B, and 
the remainder will be 6 minutes 30 feconds for the 
time by which the total ingreſs of Venus on the 
Sun at & is later as ſeen from 4 than as ſeen from 
B: which time being converted into parts of a 
degree is 26“, or the arc Fe of Venus's horizontal 
parallax from the Sun: for, as 1 minute of time 
is to 4 ſeconds, of a degree, ſo is 6} minutes of 
time to 26 ſeconds of a degree. 
11. The times in which the planets perform 
their annual revolutions about the Sun, are already 
known by obſervation.— From theſe times, and 
the univerſal power of gravity by which the pla- 
nets are retained in their orbits, it is demonſtrable, 
that if the Earth's mean diſtance from the Sun be 
divided into ro0000 equal parts, Mercury's mean 
diſtance from the Sun muſt be equal to 38710 of 
theſe parts—Venus's mean diſtance from the Sun, 
to 723 33—Mars's mean diſtance, 152369 — Jupi- 
ter's 520096 — and Saturn's, 954006. Therefore, 
when the number of miles ene in the mean 
diſtance of any planet from the Sun is known, we 
can, by theſe proportions, find the mean diſtance 
in miles of all the reſt. 
12. At the time of the enſuing tranſit, the 
Earth's diſtance from the Sun will be 1015 (the 
mean diſtance being here conſidered as 1000) and 
Yenus's diſtance from the Sun will be 726 (the 
Ff4 mean 


The Method of fiuding the Difances 
mean diſtance being conſidered as 723) which. dif- 


ferences from the mean diſtances ariſe from 


elliptical figure of the planets orbits — Suhtract 


| 726 parts from 10:5, and there will remain 289 


Parts far Venus's diſtance from che Earth at that 
time. 


13. Now, Sree the horizons) parallaxes of the 


planets are * inverſely as their diſtances from the 
Earth's center, it is plain, that as Venus will be 


between the Earth and the Sun on the day of her 


tranſit, and conſequently her parallax will be then 
greater than the Sun's, if her horizontal parallax 
can be on that day aſcertained by obſervation, the 
Sun's horizontal parallax may be found, and con- 


_ fequently his diſtance from the Earth. —Thus, ſup- 


poſe Venus's horizontal parallax ſhould be found 
ro be 36".3480 ; then, As the Sun's diſtance 1015 


. 1s to Venus's diſtance 289, ſo is Venus's horizontal 


parallax 36”.3480 to the Sun's horizontal parallax 
100. 3493 on the day of her tranſit, And the difs 


| ference of theſe two parallaxes, viz. 25,9987 


(which may be eſteemed 26”) will be the quantity 
of Venus's horizontal parallax from the Sun; 
which is one of the elements for projecting or de 
lineating her tranſit over the Sun's vile, as will <P" 
pour farther on. 

To find the Sun's horizontal parallax at the time 


of his mean diſtance from the Earth, ſay, As 1000 


parts, the Sun's mean diſtance from the Earch's 


enter. is to 101 5» bis diſtance therefrom on the 


* Wet this, let & be the dun (Fig ig. 3.) „. Venus, 4 z the 
Earth, C its center, and A C its ſemidiameter. The angle 4% C 


is the horizontal parallax of Venus, and 48 C the horizontal 


arallax of the Sun. But by the property of plain triangles, as 
he ſine of A C (or of SA ins ſupplement to 180) is to the 
fine of ASC, fo is 45 to A, and fois CS to C.— 
N. B. In all angles leſs than a minute cf a degree, the fines, tan - 
gents, and arcs, are ſo nearly equal, that they may without error 
be uvied for one another. And here we make uſe of /Gardiner's 
logarithmic tables, 'brawſe TING the fines to every fecauft 

of a Jegree, 
| day 


PPP 


a the I From the Su. 


day of ys tranſit, ſo is 10% 3493, his horizontal 
arallax on that day, to 10” o, his horizontal 


| * at the time of his mean diſtance from the 


arth's center.. 
14. The Sun's parallax being thus (or any other 
way ſuppoſed to be) found, at the time of his mean 
diſtance from the Earth, we may find his true diſ- 
tance therefrom, in ſemidiameters of the Earth, by 
the following analogy. As the fine (or tangent of 


ſo ſmall an arc as that) of the Sun's parallax 


10“. 5045 is to radius, fo is unity or the Earth's 

midjameter to the number of ſemidiameters of 
the Earth that the Sun is diſtant from its center, 
which number, being multiplied by 3985, the 
number of miles contained in the Earth's ſemidi- 
ameter, will give the number of miles by which che 
Sun! is diſtant from the Earth's center. 

Then, by $ 12, As 100000, the Earth's mean 
diſtance from the Sun in parts, is to 38710, Mer- 
cury's mean diſtance from the Sun in parts, ſo is 


the Earth's mean diſtance from the Sun in miles to 


rex; smean diſtance from the Sun! in miles. — 
And, 

As 100000 is to 72333, ſo is the Earth's mean 
diſtance from the Sun in miles to Venus's mean 
diſtance from the Sun in miles. —Likewiſe, 

As 100000 is to 152369, ſo is the Earth's mean 
diſtance from the Sun in miles to Mars's mean dif- 
tance from the Sun in miles, —Again, 

As 100000 is to 520096, ſo is "the Earth's mean 
diſtance from the Sun in miles to Jupiter's mean 
dittance from the Sun in miles. Laſtly, 

As 10000 is to 954006, ſo is the Earth's mean 
difance from the Sun in miles to Saturn's mean 


diſtance from the Sun in miles. 


And thus, by having found the diſtance of any 


one of the planets from the Sun, we have ſufficient 
data for finding the diſtances of all the reſt.— And 


hen, from their apparent diameters at theſe known 
diſt An ces, 
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diſtances, their real diamerers and bulks may be 


found. 


15. The Earth's diameter. as ſeen from the 


Sun, ſubtends an angle of double the Sun's hori- 


zontal parallax, at the time of the Earth's mean 
diſtance from the Sun : and the Sun's diameter, as 


ſeen from the Earth at that time, ſubtends an angle 


M$: 1: 


of 32' 2“, or 1922“. Therefore, the Sun's diame- 

ter is to the Earth's diameter, as 1922 is to 21.— 

And ſince the relative bulks of ſpherical bodies 

are as the cubes of their diameters, the Sun's bulk 

is to the Earth's bulk, as 756058 is to 1; ſuppoſing 

the Sun's mean horizontal parallax to be 10% 505 
as above. 


16. It is plain by Fig. 4. that whether Wee 


be at U or J, or in any other part of the right line 
B &, it will make no difference in the time of her 
total ingreſs on the Sun at &, as ſeen from B; but 
as ſeen from A it will. For, if Venus be at “, her 


horizontal parallax from the Sun is the arc Fe, 
which meaſures the angle F Ae: but if ſhe be nearer 


the Earth, as at U, her horizontal parallax ffom the 


Sun is the arc fe, which meaſures the angle f Ae; 


and this angle is greater than the angle # A e, by 


the difference of their meaſures F F. So that, as 


the diſtance of the celeſtial object from the Earth 
is leſs, its parallax is the greater. 
17. To find the parallax of Venus by the above 


method, it is neceſſary, 1. That the difference of 


meridians of the two places of obſervation be 900. 
—2. That the time of Venus's total ingreſs on the 
Sun be when his eaſtern limb is either on the me- 
ridian of one of the places, or very near it.— And, 
3. That each obſerver has his clock exactly regu- 


lated to the equal time at his place. But as it 


might, perhaps, be difficult to find two places on 


the Earth ſuited to the firſt and ſecond of theſe re- 
quiſites, we ſhall ſhew how this important problem 


may be ſolved by a ſingle obſerver, it he be exact 
as 


of the Planets from the Sun, 
as to his longitude, : and has his clock truly adjuſted 
to the equal time at his place. 

18. That part of Venus's orbit in which ſhe will 
move during her tranſit on the Sun, may be con- 
fidered as a ſtraight line; and therefore, a plane 
may be conceived to paſs both through it and the 


Earth's center. To every place on the Earth's 
ſurface cut by this plane, Venus will be ſeen on 


the Sun in the ſame path that ſhe would deſcribe 


as ſeen from the Earth's center: and therefore ſhe 
will have no parallax of latitude, either north or 
ſouth; but will have a greater or leſs parallax of 
Jongitude, as ſhe is more or leſs diſtant from the 
meridian, at any time during her tranſit. 

Matura, a town and fort on the ſouth coaſt of 
the iſland of Ceylon, will be in this plane at the 
time of Venus's total ingreſs on the Sun; and the 
Sun will then be 62*z eaſt of the meridian of that 
place. Conſequently to an obſerver at Matura, 
Venus will have a conſiderable parallax of longi- 
tude eaſtward from the Sun, when ſhe would ap- 
pear to touch the Sun's eaſtern limb as ſeen from 
the Earth's center, at which the Aſtronomical tables 
ſuppoſe the obſerver to be placed, and give the 


, times as ſeen from thence. 


19. According to theſe tables, Venus's total in- 
greſs on the Sun will be 50 minutes after VII in 
the morning, at Matura, ſuppoſing that place to 
be 80* eaſt longitude from the meridian of London; 
which is the obſerver's buſineſs to determine. Let 
us imagine that he finds it to be exactly ſo, but 


that to him the total ingreſs is at VII hours 55 


minutes 46 ſeconds, which is 5 minutes 46 ſeconds 
later than the true calculated time of total ingreſs, 


as ſeen from the Earth's center, Then, as Venus' I 


The time of total ingreſs at London, as ſeen from the 
Earth's center, is at 30 minutes after II in the morning; and 
if Matura be juſt 80? (or 5 hours 20 minutes) eaſt of London, 


When it is 30 minutes paſt II in the morning at London, it is 


50 minutes paſt VII at Matura. 
motion 
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ſeen from the 


The Neude of finding the Ditance 


motion on (or towards, or from) the Sun 1s at the 
rate of 4 minutes of a degree i in an hour (by 8 10.) 
her motion mult be 23".1 995 a degree in 5 minutes 


46 ſeconds of time : * this 23“. 1 is her parallax 


ezſtward, from her total ingrels as ſeen from Ma- 


turg, when her ingreſs would he f 0 total if ſeen from 


the Earth's center. 
20. At VII hours co minutes in the V in 1b 


the Sun is 62% from the meridian ; atVIint 


morning he is go? from it : therefore, as the ſine 
of 62 is to the fine of 23“ 1 (which is Venus's 
parallax from her true place on the Sun at VII 
hours 50 minutes) ſo is radius, or the fine of 909, to 
the fine of 26”, which is Venus's horizontal paral- 
lax from the Sun at VI. In logarithms thus: 


As the lo arith mie fine of 629 0% 9 47928 
Ts to the pinie fine of 23% 1 = = to 2947 555 
So is the logarithmic radius - = = = » © = 10.0000000 


To the logarithmic ſine of 26” * nearly - 6. 1002221 


Divide the Sun's diſtance from the E arth, 1016, 


by his diſtance from Venus 726 (8 12.) and the | 


quotient will be 1.3980 which being multiplied 
by Venus's horizontal parallax from the Sun 26” ? 
will giye 36“. 3480; for her horizontal parallax as 

Fach at that time, — Then (by 13- ) 
As the Sun's diſtance 1015 is to Venus s diſtance 
289, fo is Venus's horizontal parallax 36”.3480 to 


the Sun's horizontal parallax 10”, 3493 3 lf Ve- 


nus's horizontal parallax from the Sun is found 
by obſervation to be greater or leſs than 26”, the 
Sun's horizontal parallax muſt be greater or lels 
than 100.3493 accordingly. 

21. And thus, by a ſingle obſervation, the pa- 
rallax of Venus, and confequently the parallax of 


the Sun, might be found, if we were ſure that the 
Aſtronomical tables were quite correct as to the 
time of Venus's total bet on the Sun. — But 


although the tables may 


e ſalely depended 2 
T 


of the Planets from the Sun. 


for ſhewing the true duration of the tranſit, which 
will not be quite 6 hours from the time of Venus's 
total ingreſs on the Sun's eaſtern limb, to the be- 
ginning of her egreſs from his weſtern; yet they 
may perhaps not give the true times of theſe two 
internal contacts: like a good common clock, 
which though it may be truſted to for meaſuring a 
few hours of time, yet perhaps it may not be 
quite adjuſted ro the meridian of the place, and 
conſequently not true as to any one hour; which 
every one knows is generally the caſe. —Therefore, 


to make ſure work, the obſerver ought to watch 


both the moment of Venus's total ingreſs on the 
Sun, and her beginning of egreſs from him, fo as 
to note precifely the rimes between theſe two in- 
ſtants, by means of a good clock: and by com- 
patitig the interval at his place with the true cal- 
culated interval as ſeen from the Earth's center, 
which will be z hours 58 minutes, he may find 
the parallax' of Venus from the Sun both at her 
total ingreſs and beginning of egreſs. | 


8 ; KH 1 D , 29 f Toh he & : * 
22. The manner of obſerving the tranſit ſhould 


be as follows. The obſerver being provided with 


1 00 teleſcope; and a pendulum clock well ad- 
jufled to the mean diurnal revolution of the Sun, 
and as near to the time at his place as conveniently 
may be; and Having an aſſiſtant to watch the clock 
at the proper times, he muſt begin to obſerve the 
Sun's eaſtern limb through his relefcope, twenty 
minutes at leaſt before the computed time of Venus's 
total ingreſs upon it, leſt there ſhould be an error in 
the time thereof, as given by the tables. 


When he perceives a dent (as it were) to be 


made in the Sun's limb by the interpoſition of the 


dark body of Venus, he muſt then continue to 


watch her through the teleſcope as the dent in- 
creaſes ; and his aſſiſtant muſt watch the time ſhewn 
by the clock, till the whole body of the planet 
appears juſt within the Sun's limb: and the mo- 
ment when the bright limb of the Sun appears 

| cloſe 
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The Method of finding the Diſtances 
cloſe by the eaſt fide of the dark limb of the plas 
net, the obſerver, having a little hammer in his 
hand, is to ſtrike a blow therewith on the table or 
wall ; the moment of which, the aſſiſtant notes by 
the clock, and vrites it down. 

- Then, let the planet paſs on for 1 2 hours 
59 minutes, in which time it will be got to the 
middle of its apparent path on the Sun, and con- 
ſequently will then be at its leaſt apparent diſ- 
tance from the Sun' s center; at which time, the 
obſerver, muſt take its diſtance from the Sun's cen- 
ter, by means of a good micrometer, in, order to 
aſcertain its true latitude or declination from the 
ecliptic, : and thereby find the places of its nodes, 
This done, there is but little occaſion to obſerye 
it any longer, until it comes ſo near the Sun' 
weſtern limb, as almoſt to touch it. Then the 
obſerver muſt watch the planet carefully with his 
teleſcope; and his aſſiſtant muſt watch the clock, 
ſo as to note the preciſe moment of the planet 
touching the Sun's limb, which the aſſiſtant knows 
by the obſerver's ſtriking a blow with his hammer, 

23. The aſſiſtant muſt be very careful in ob- 
ſerving what minute on the Dial- Plate the minute. | 
hand has paſt, when he has obſerved the ſecond- 
hand at the inſtant the blow was ſtruck by the 
hammer; otherwiſe, though he be right as to 
the number of ſeconds of the current minute, he 
may be apt to make a miſtake in the number of 
minutes. 

24. To thoſe places where the tranſit begins be⸗ 
fore XII at noon, and ends after it, Venus will 
have an eaſtern parallax from the Sun at the be- 
ginning, and a weſtern parallax from the Sun at 
the end ; which will contract the duration of the 
tranſit, by cauſing it to begin later, and end ſoonef 
at theſe places, than it does as ſeen from the Earth's 
center; which may be explained in the following 
manner. 5-4 

1 


. 


bk as.) 292 "S \- YT * 


& the Planets from the Sun. 
In fie, g. of Plate XIV. let BM Abe the Earth, 


V Venus, and & the Sun. The Earth's motion on 


its axis from welt to eaſt, or in the direction 
4M B, carries an obſerver on that ſide contrary 
to the motion of Venus in her orbit, which is in 


the directioꝶ U VA, and will therefore cauſe her 


motion to appear quicker on the Sun's diſc, than 
it would appear to an obſerver placed at the Earth's 
centre C, or at either of its poles. For, if Venus 


were to ſtand ſtill in her orbit ar / for twelve hours, 


the obſerver on the Earth 35 ſurface would in that 
time be carried from A to B, through the arc 
4M B., When he was at A, he would ſee Venus 
on the Sun at R; ; when at M,. he would ſee her at 
$; and when he was at B, he would ſee her at T. 

ſo that his own motion would cauſe the planet to 
appear in motion on the Sun through the line 
RT: which being in the direction of her appa- 
rent motion on the Sun as ſhe moves in her orbit 
U, her motion will be accelerated on the Sun 
to this obſerver, juſt as much as his own motion 
would ſhift her apparent place on the Sun, if ſhe 
vere at reſt in her orbit at Y. 


But as the whole duration of «Ke tranſit, from 


firſt to laſt internal contact, will not be quite fix 
hours; an obſerver, who has the Sun on. his meri- 
dian at the middle of the tranſit, will be carried 
only from & to 5 during the whole time thereof. 
And therefore, the duration will be much leſs con- 
tracted: by his own motion, than if the planet were 
to be twelve hours in paſſing over the Sun, as ſeen 
from the Earth's center.. 

25. The nearer Venus is to the Farth, the greater 


is her parallax, and the more will the true duration 


of her tranſit be contracted thereby; the farther 
ſhe is from the Earth, the contrary ſo that the 
contraction will be in direct proportion to the pa- 
rallax. Therefore, by obſerving, at proper places, 


how much the duration of the Tranſit is leſs than 


Its true duration at the Earth's center, where it is 
7 | 5 hours 
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may be eaſily ſolved. Scarce any problem' will ap- 


The Method of Bring tht Diflantes 
+ Hour dT minutes, as given bi the Aſtronomical 


2 7 the parallax of Venus will be aſcertained. 

The Above method (4 15,45 eg.) is much 
the: ſatnt 45 was preſcribed 2 480 by Doctor 
Hat ty, bur the calculations diffet confiderably 
from His ; às will appear in the nexr äftiele whith 
contains 4 tranflatiof of the Phctor's whole" differ. 
tation on that ſubject. He Hud not computed his 
own tables when he. Wrote it, nor had he tithe 
before-Hand to make à füffieient number of bbſer- 
vatiohs on the motion of Venus, T6 as to Getet- 


mine whether the nodes ef Her orbit Are at Teſt of 


no; and was therefore obliged to truſt to other 
tables, hien are now found to be erronesus. 20 
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Conteinin 2 HA 7 g Diſſeriattbn on the me- 
gbd of finding the Sun's parallax an diſtunee fron 
the Earth, by the tranfit bf Venus uber "the Jun“ 
'Diſe, June the 6th, 1761. Tranfiated® a rom the 
Latin in Motte's Abridgment of the Nbiloſopbitul 


| 1 0 | 
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and that ſeem quite incredible to the ilhtetate, 

which yet by means 6f mathematical Principles 


pear more hard and difficult, than thät of detef- 
mining the diftance of the Sun from the Eart 

very near the truth; but even this, when we dre 
made acquainted with ſome exact ob ſetvatiöns, 
taken at places fixed upon, and choſen before. 
hind, wilt without much labour be effected. And 
this is what 1 am new deſirous to lay before this 
muſttiovs Society“ (Which J foretell will continte 
for ages) that I may explain before-hand to young 
AArotiGhrers, who may perhaps live o "obſerve 


te Royal Society. 


theſe 


ee Vol. *. Page, 24 3 z Wich- ae 


of the Planets frem the Sun. 


theſe things, the aerhad whereby the immenſe dif. 
tance of the Sun may be truly obtained, to within 
a five hundredth part of what it really is. | 
Ic is well known that the diſtance of the Sun 
from the Earth is by different Aſtronomers ſup- 
oſed different, according to what was judged moſt 
probable from the beſt conjecture that each could 
form. Plolemy and his followers; as alſo Copernicus 


and Tycho Brabe, thought it to be 1200 ſemidia- | 


meters of the Earth: Kepler 3500 nearly; Ricciolus 
doubles the diſtance mentioned by Kepler, and He- 
velius only increaſes it by one half. But the pla- 
nets Venus and Mercury having, by the aſſiſtance 
of the teleſcope, been ſeen in the diſc of the Sun, 
deprived of their borrowed brightneſs, itis at length 
found that the apparent diameter of the planets 
are much leſs than they were formerly ſuppoſed ; 
and that the ſemidiameter of Venus ſeen .from the 
Sun ſubtends no more than a fourth part of a 
minute, or fifteen ſeconds, whilſt the ſemidiameter 
of Mercury, at its mean diſtance from the Sun, 
is ſeen under an angle only of ten ſeconds ; that 
the ſemidiameter of Saturn ſeen from the Sun, 
appears. under the ſame angle; and that the 
ſemidiameter of Jupiter, the largeſt of all the 
planets, ſubtends an angle of no more than a third 
part of a minute at the Sun. Whence, keeping 
the proportion, ſome modern Aſtronomers have 
thought, that the ſemidiameter of the Earth, ſeen 
from the Sun, would ſubtend a mean angle between 
that larger one ſubtended by Jupiter, and that 
ſmaller one ſubtended by Saturn and Mercury; 
and equal to that ſubtended by Venus (namely, 
fifteen ſeconds) : and have thence concluded, that 
the Sun is diſtant from the Earth almoſt 14000 of 


the Earth's ſemidiameters. But the ſame authors 


have on another account ſomewhat increaſed this 


diſtance: for, inaſmuch as the Moon's diameter is 


a little more than a fourth part of the diameter of 


the Earth, if the Sun's parallax ſhould be ſuppoſed 
68 ü fifteen 
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fifteen ſeconds, it would follow, that the body of the 


Moon is larger than that of Mercury ; that is, that 


a ſecondary planet would be greater than a prima. 
ry, which would ſeem inconſiſtent with the uni. 
formity of the mundane ſyſtem, And on the con- 
trary, the ſame regularity and uniformity ſeem 
ſcarcely to admit, that Venus, an inferior planet, 
that has no ſatellite, ſhould be greater than our 
Earth, which ſtands higher in the ſyſtem, and has 
ſuch a ſplendid attendant. Therefore, to obſerye 
a mean, let us ſuppoſe the ſemidiameter of the 
Earth ſeen from the Sun, or, which 1s the ſame 
thing, the Sun's horizontal parallax, to be twelve 
ſeconds and a half; according to which, the Moon 


will be leſs than Mercury, and the Earth larger 


than Venus; and the Sun's diſtance from the Earth 
will come out nearly 16,500 of the Earth's ſemi- 
diameters. This diſtance I aſſent to ar preſent, a 


the true one, till it ſhall become certain what it is, 


by the Experiment which I propoſe. Nor am! 
induced to alter my opinion by the authority of 
thoſe (however weighty it may be) who are for 


placing the Sun at an immenſe diftance beyond the 


ounds here aſſigned, relying on obſervations made 
upon the vibrations of a pendulum, in order to 
determine thoſe exceeding {mall angles; but which, 
as it ſeems, are not ſufficient to be depended upon: 


at leaſt, by this method of inveſtigating the paral- | 


lax, it will come out ſometimes nothing, or even 
negative; that is, the diſtance would either become 
infinite, or greater than infinite; which is abſurd, 
And indeed, to confeſs the truth, it is hardly pol- 


fible for a man to diſtinguiſh, with any degree of 


certainty, ſeconds, or even ten ſeconds, with Inſtru- 
ments, let them be ever ſo ſkilfully made: there- 
fore, it is not at all to be wondered at, that the 
exceſſive nicety of this marter has eluded the many 
and ingenious endeavours of ſuch ſkiiful operators, 
About forty years ago, whilſt I was in the ifland 
of St. Helena, obſerving the ſtars about the ſouth 
1 —— | pole, 
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pole, I had an opportunity of obſerving, with the 

reateſt diligence, Mercury paſſing over the diſc 
of the Sun; and (which ſucceeded better than I 
could have hoped for) I obſerved, with the greateſt 
degree of accuracy, by means of a teleſcope 24 
feet long, the very moment when Mercury enter- 
ing upon the Sun ſeemed to touch its limb within, 
and alſo the moment when going off it ſtruck the 
limb of the Sun's diſc, forming the angle of interior 
contact: whence J found the interval of time, dur- 
ing which Mercury then appeared within the Sun's 
diſc, even without an error of one ſecond of time. 
For the Jucid line intercepted between the dark 
limb of the planet and the bright limb of the Sun, 
although exceeding fine, is ſeen by the eye; and 


the little dent made in the Sun's limb, by Mer- 


cury's entering the diſc, appears to vaniſh' in a 
moment; and alſo that made by Mercury, when 
leaving the diſc, ſeems to begin in an inſtant. — 
When I perceived this, it immediately came into 
my mind, that the Sun's parallax might be ac- 
curately determined by ſuch kind of obſervations 
45 theſe; provided Mercury were but nearer to the 
Earth, and had a greater parallax from the Sun : 
but the difference of theſe parallaxes is ſo little, as 


always to be leſs than the lolar parallax which we 


ſeek; and therefore Mercury, though frequently 
to be ſeen on the Sun, is not to be looked upon as 
fir for our purpoſe. | | 


There remains then the tranſit of Venus over 


the Sun's diſc ; whole parallax, being almoſt four 
times as great as the ſolar parallax, will caule very 
ſenſible differences between the times in which 


venus will ſeem to be paſſing over the Sun at dif- 


ferent parts of the Earth. And from theſe differ- 
ences, if they be obſerved as they ought, the 
Sun's parallax may be determined even to a ſmall 


part of a ſecond. Nor do we require any other 


inſtruments for this purpoſe, than common tele- 
ſcopes and clocks, only good of their kind; and 
m the obſervers, nothing more is needful than fide- 
G g 2 lity, 
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lity, diligence, and a moderate ſkill in Aſtronomy. 


For there is no need that the latitude of the place 


ſhould be ſcrupulouſly obſerved, nor that the hours 


themſelves ſhould be accurately determined with 


reſpect to the meridian: it is ſufficient that the 


_ clocks be regulated according to the motion of 


the heavens, if the times be : well reckoned from 
the total ingreſs of Venus into the Sun's diſc, to 
the beginning of her egreſs from it; that is, when 
the dark globe of Venus firſt begins to touch the 
bright limb of the Sun within; which moments, 
I know by my own experience, may be obſerved 
within a ſecond of time. 


But on account of the very ſtrict laws by which 


the motions of the planets are regulated, Venus is 
ſeldom ſeen within the Sun's diſc : and during the 
courſe of more than 120 years, it could not be 
ſeen once; namely, from the year 1639 (when this 
moſt pleaſing ſight happened to that excellent 
youth Horro our countryman, and to him only, 
ſince the creation) to the year 1761; in which 


year, according to the theories which we have 


hitherto found agreeable to the celeſtial motions, 


Venus will again paſs. over the Sun on the * 26th 
of May, in the morning; ſo that at London, about 
« fix, o'clock in the "inline, we may expect to ſec 
it near the middle of the Sun's diſc, and not above 
four minutes of a degree ſouth of the Sun's center. 
But the duration of this tranſit will be almoſt eight 
hours; namely, from two o'clock'in the morning 


till almoſt ten. Hence the ingreſs will not be 
viſible in England; but as the Sun will at that 


fie time be in the 16th degree of Gemini, having al- 
moſt 23 degrees north declination, it will be ſeen 
without ſetting at all in almoſt all parts of the 


north frigid zone: and therefore the inhabitants 


of the coaſt of Norway, beyond the city of Nidroſia, 
which is called Drontheim, as far as the North 
Cape, will be able to obſerve Venus entering the 


* The fixth of Juus according to the New Stile. "IP 
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Sun's diſc; and perhaps the ingreſs of Venus upon 
the Sun, when riſing, will be ſeen by the Scotch, in 
the northern parts of the kingdom, and by the in- 
habitants of the Shetland Iles, formerly called Thule, 
But at the time when Venus will be neareſt the 
Sun's center, the Sun will be vertical to the north- 
ern ſhores of the bay of Bengal, or rather over the 
kingdom of Pegu; and therefore in the adjacent re- 
gions, as the Sun, when Venus enters his diſc, 
will be almoſt four hours toward the eaſt, and as 
many toward the weſt when ſhe leaves him, the 
apparent motion of Venus on the Sun will be acce- 
lerated by almoſt double the horizontal parallax of 
Venus from the Sun; becauſe Venus at that time 
is carried with a retrograde motion from eaſt to 
weſt, whilſt an eye placed upon the Earth's ſurface 


is whirled the contrary way, from welt to eaſt *, 
1 85 Suppoſing 


» This has been already taken notice of in & 24 ; but I ſhall 
here endeavour to explain it more at large, together with ſome of 
the following part of the Doctor's Eſſay, by a figure. 


In Fig. 1, of Plate XV. let C be the center of the Earth, and 


Z the center of the Sun, In the right line CZ, make v2 to 
CZ as 726 is to 1015 (F 12). Let 426% be the Earth, Ve- 
nus's place in her orbit at the time of her conjunction with the 

Sun; and let 7 SU be the Sun, whole diameter is 31 42 
The motion of Venus in her orbit is in the direction Non, 
and the Earth's motion on its axis is according to the order of the 
24 hours placed around it in the figure. Therefore, ſuppoſing the 
mouth of the Ganges to be at G, when Venus is at E in her orbit, 
and to be carried from G to g by the Earth's motion on its 
axis, whilſt Venus moves from E to e in her orbit; it is 
plain, that the motions of Venus and the Ganges are contrary 
"to Gth deer. n 575 90097% , 

The true motion of Venus in her orbit, and conſequently the 
ſpace; ſhe ſeems to run over on the Sun's diſc in any given time, 
could be ſeen only from the Earth's center C. which is at reſt 
with reſpe& to its ſurface, And as ſeen from C, her path on the 
Sun would be in the right line 7 U; and her motion therein at 
the rate of ſour minutes of a degree in an hour. T is the point 
of the Sun's eaſtern limb which Venus ſeems to touch at the 
moment of her total ingreſs on the Sun, as ſeen from C, when 
Venus is at E in her orbit; and U is the point of the Sun's 

weſtern limb which ſhe ſeems to touch at the moment of her 

beginning of egreſs from the Sun, as ſeen from C, when ſhe is at 
ein ner orbit. | 
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.  Suppoſing the Sun's parallax (as we have ſaid) 
to be 12“ the parallax of Venus will be 437; 
from which ſubtracting the parallax: of the Sun, 
there will remain 30“ at leaſt for the horizontal 
parallax of Venus from the Sun; and therefore the 
motion of Venus will be increaſed 45" at leaſt by 
that parallax, whilſt ſhe paſſes over the Sun's diſc, 
in thoſe elevations of the pole which are in places 
near the tropic, and yet more in the neighbour- 
hood of the equator. Now, Venus at that time 
will move on the Sun's diſc, very nearly at the 
rate of four minutes of a degree in an hour; and 
therefore 11 minutes of time at leaſt are to be 
allowed for 43“, or three fourths of a minute of 
. | "I e | a degree; 


When the mouth of the Ganges 1s at w (in revolving through 
the arc Gn g. the Sun is on its meridian, Therefore, ſince 
G and g ate equally Ciltant from mz at the beginning and ending 


of the tranſit, it is plain that the Sun will be as far eait of the 


meridian of the Ganges (at G) when the tranſit begins, as it will 

be weſt of the meridian of the ſame place (revolved from G to g) 

when the tranſit ends. f 
But although the beginning of the tranſir, or rather the 


moment of Venus's total ingreis upon the Sun at T, as ſeen 
from the Earth's center, muſt be when Venus is at E in her 


orbit, becauſe ſhe is tben ſeen in the direction of the right 


 lre CET; yet at the ſame inſtant of time, as ſeen from the 
Ganges at G, ſhe will be ſhort of her ingreſs on the Sun, being 
then ſeen eaſtward of him, in the right line G E K. which 


makes the angle X ET (equal to the oppoſite angle G E CJ. 


with the right line CE T. This angle is called the angle of 


Venus's parallax from the Sun, which retards the beginning of 
the t-anſit as ſeen from the banks of the Ganges; ſo that the 
Gange, G, muſt advance a little farther toward , and. Venus 
mult move on in her orbit from E to R, before ſhe can be ſeen 
from E (in the right line G R T) wholly within the Sun's 
diſc at 7. 1 
When Venus comes to e in her orbit, ſhe will appear at U, 
as ſeen from the Earth's center C, juſt beginning to leave the 
Sun; that is, at the beginning of her egreſs from his weſtern 
limb: but at the ſame inftaot of time, as ſeen from the Ganges, 


Which is then at g, ſhe will be quite clear of the Sun toward 
the welt ; being then ſeen from g in the right line gel, which 


makes an angle, as Ue L (equal to the oppoſite angle C e g/ 
with the right line C. U. and this is the angle of Venus's 
| Fa allax 
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a degree; and þy this ſpace of time, the duration 
of this eclipſe caufed by Venus will, on account 
of ithe parallax, be ſhortened. And from this 
ſhortening of the time only, we might ſaſely enough 
draw' a conclufion concerning the parallax which 
we are in ſearch of, provided the diameter of the 
Sun, and the latitude of Venus, were accurately 
known, But we cannot expect an exact computa- 
tion in a matter of ſuch ſubrility, 

Me muſt endeavour therefore to obtain, if poſ- 
fible, another obſervation, to be taken in thoſe 
places where Venus will be in the middle of the 
Sun's diſc at midnight; that 1s, in places under 
the oppoſite meridian to the former, or about 6 
hours or go degregs weſt of London; and where 
Venus enters upon the Sun a little before its ſet- 


parallax from the Sun as ſeen from the Ganges at g, when ſhe 
is but juſt beginning to leave the Sun at U, as ſeen from the 
Earth's center C. 5 

Here it is plain, that the duration of the tranſit about the 
mouth of the Gange, (and alſo in the neighbouring places) 
will be diminiſhed by about double the quantity of Venvs's 
paraliax from the Sun at the beginning and ending of the tranſit, 
For Venus muſt be at Z in her orbit when ſhe is wholly upon 
the Sun at 7, as ſeen from the Earth's center C: but at that 
time ſhe is ſhort of the Sun as ſeen from the Ganges at &, by 
the whole quantity of her eaſtern parallax from the Sun at that 
time, which is the angle K ET. [This angle, in fact, is only 
23; though it is repreſented much larger in the figure, be- 
cauſe the Earth therein is a vaſt deal too big.] Now, as 
Venus moves at the rate of 4 in an hour, ſhe will move 23 
in 5 minutes 45 ſeconds: and, therefore, the tranſit will be 5 
min, 45 ſeconds later of beginning at the banks of- the Ganges 
than at the Earth's center, When the tranſit is ending at, 
U, as ſeen from the Earth's center at C, Venus will be quite clear 
of the Sun (by the whole quantity of her weſtern parallax from 
him) as ſeen from the Ganges, which is then at ge and this 
parallax will be 22, equal to the ſpace through which Venus 
moves in 5 minutes 30 ſeconds of time: ſo that the tranſit will 
end 5+ minutes ſooner as ſeen from the Ganges, than as ſeen 
from the Earth's center. | | 

Hence the whole contraction of the duration of the trarſit 
at the mouth of the Ganges will be 11 minutes 15 ſeconds of 
time : for it is 5 minutes 45 ſeconds at the beginning, and 5 
minutes 30 ſeconds at the end, 
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ting, and goes off a little after its riſing. And 


this will happen under the above-mentioned meri- 
dian, and where the elevation of the north pole is 
about 56 degrees; that is, in a part of Hudſon's 
Bay, near a place called Port-Ne{ſon., For, in this 
and the adjacent places, the parallax of Venus will 
increaſe the duration of the tranſit by at leaſt fix 


minutes of time; becauſe, whilſt the Sun, from 


its ſetting to its riſing, ſeems to paſs under the 
pole, thoſe places on the Earth's diſc will be car- 
ried with a motion from eaſt to welt, contrary to 
the motion of the Ganges; that is, with a motion 
conſpiring with the motion of Venus; and there- 
fore Venus will ſeem to move more ſlowly on the 
Sun, and ta be longer in paſling over his diſc *. 

| Fo e $12 +0 


* In Fig, I. of Plate XV. let aC be the meridian of the 
eaſtern mouth of the Ganges; and 6 C the meridian of Port- 
Nelſon at the mouth of York- River in Hudſon 't. Bay, 56% north 
Iatitude. As the meridian of the Ganges revolves from a to c, 
the meridian of Port- Nelſan will revolve from þ to d. there- 
fore, whilſt the Ganges revolves from G to g, through the are 
Gmeg, Port-Nel/on revolves the contrary way (as ſeen from the 
Sun or Venus) from P to p through the arc Pap. Now, 
as the motion of Venus is trom E to e in her orbit, while ſhe 
ſeems to paſs over the Sun's diic in the right line 2: U, as ſeen 
from the Earth's. Center C, it is plain, that whilſt the motion 


of the Ganges is contrary to the motion of Venus in her orbit, 


and. thereby ſhortens the duration of the tranſit at that place, 


the motion of Port. Velſos is the ſame way as the motion of 
Venus, and will therefore increaſe the duration of the tranſit : 


which may in ſome degree be illuſtrated by ſuppoſing, that 
whilſt a ſhip is under fail, if two birds fly along the fide of 


the ſhip. in contrary. directions to each other, the bird which 
flies contrary . to the motion of the, ſhip will paſs by it ſooner 
than the bird will, Which flies the ſame way that the ſhip 


moves. ; _- 2 
Is fine, it is plain by the figure, that the duration of the 
tranſit muſt be longer as ſeen from Port- Nelſon, than as ſeen 


from the Earth's center; and longer as ſeen from the Earth's 
For 


center, than as ſeen from the mouth of the Ganges. 


Part Nelſcn moſt be at P, and Venus at & in her orbit, when 
ſhe appears wholly within the Sun at T: and the ſame place 
muſt be at p, and Venus at z, when ſhe appears at U, begin- 
ning to leave the Sun, —The Ganges muſt be at G, and Venus 
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If therefore it ſhould happen that this tranſit 
ſhould be properly obſerved by ſkilful perſons at 
both theſe places, it is clear, that the duration 
thereof will be 17 minutes longer, as ſeen from 
Port- Nelſon, than as ſeen from the Eaſt- Indies. Nor 
is it of much conſequence (if the EA ſhall at 
that time give any attention to this affair) whether 


the obſervation be made at Fort- George, commonly 


called Madras, or at Bencoolen on the weſtern ſhore 
of the iſland of Sumatra, near the Equator, Bur if 
the French ſhould be diſpoſed to take any pains here- 
in, an obſerver may ſtation himſelf conveniently 
enough at Pondicherry on the weſt ſhore of the bay 
of Bengal, where the altitude of the pole is about 
12 degrees. As to the Dutch, their celebrated 
mart at Batavia will afford them a place of obſer- 


vation fit enough for this purpoſe, provided they 


alſo have but a diſpoſition to aſſiſt in advancing, in 
this particular, the knowledge of the heavens.— 

And indeed I. could wiſh that many obſervations 
of the ſame phenomenon might be taken by dif- 
ferent perſons at ſeveral places, both that we might 
arrive at a greater degree of certainty by their 
agreement, and alſo leſt any ſingle obſerver ſhould 
be deprived, by the intervention of clouds, of a 
ſight, which I know not whether any man living 
in this or the next age will ever ſee again; and on 
which depends the certain and adequate ſolution of 
a problem the fhoſt noble, and at any other time 
not to be attained to. I recommend it, therefore, 
again and again, to thoſe curious Aſtronomers, 


who (when 1 am dead) will have an opportunity 


of obſerving theſe things, TOA they would remem- 


at R, when ſhe is ſeen from G upon = Sun at 7; ; 4 the ſame 
place muſt be at g, and Venus at r, when ſhe begins to leave the 
Sun at U, as ſeen from g. So that Venus muſt move from N to 

z in her orbit, whilſt ſhe is ſeen to paſs over the Sun from Port- 
Nelſon; from E to e in paſſing over the Sun, as ſeen from the 
Earth's center ; and only from R to 7 whilſt ſhe Paſſes over the 
Sun, as ſcen from the banks of the Ganges. 
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ber this my admogition, and diligently apply them- 
ſelves with all their might to the making this ob- 
ſervation; and I earneſtly wiſh them all imaginable 
fucceſs; in the firſt place that they may not, by 
the unſeaſonable obſcurity of a cloudy ſky, be de- 

ived of this moſt deſirable ſight; and then, that 
Latin aſcertained with more exactneſs the magni- 
rudes of the planetary orbits, it may redound to 
their immortal fame and glory. 

We have now ſhewn, that by this method the 


_ Sun's parallax may be inveſtigated to within its five 


hundredth part, which doubtleſs will appear won- 
derful to ſome. Bur if an accurate obſervation be 
made in each of the places above marked out, we 


have already demonſtrated that the durations of 
this eclipſe made by Venus will differ from each 
other by 17 minutes of time; that is, upon a ſup- 


fition that the Sun's parallax is 12”"z, But if 
the difference ſhall be found by obſervation to be 
greater or leſs, the Sun's parallax will be greater 
or Jeſs, nearly in the ſame proportion, And ſince 
17 minutes of time are anſwerable to 12 ſeconds 
of ſolar parallax, for every ſecond of parallax there 
will ariſe a difference of more than 80 feconds of 
time; whence, if we have this difference true to 
two ſeconds, it will be certain what the Sun's pa- 
rallax is, to within a 40th part of one ſecond; and 


therefore his diſtance will be determined to within 
its 500dth part at leaſt, if the parallax be not 


found leſs than what we have ſuppoſed : for 40 
times 12+ make 500. 

And now I think I have explained this matter 
fully, and even more than I needed to have done, 
to thoſe who underſtand Aſtronomy : and ] would 
have them take notice, that on this occaſion, I 
have had no regard to the latitude of Venus, both 
to avoid the i inconvenience of a more intricate cal- 
culation, which would render the concluſion leſs 
evident; and alſo becauſe the motion of the nodes 
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of Venus is not yet diſcovered, nor can be deter- 
mined but by ſuch conjunctions of the planet with 
the Sun as this is. For we conclude that Venus 
will paſs 4 minutes below the Sun's center, only 
in confequence of the ſuppoſition that the plane 
of Venus's orbit is immoveable in the ſphere of 
the fixed ſtars, and that its nodes remain in the 
| fame places where they were found in the year 
1639. But if Venus, in the year 1761, ſhould 
move over the Sun in a path more to the ſouth, 
it will be manifeſt that her nodes have moved 
backward among the fixed ſtars; and if more to 
the north, that they have moved forward ; and that 
at the rate of 5 minutes of a degree in 100 Julian 
years, for every minute that Venus's path ſhall be 
more or leſs diſtant than the aboveſaid 4 minutes 
from the Sun's center. And the difference be- 
tween the durations of theſe eclipſes will be ſome- 
what leſs than 17 minutes of time, on account of 
Venus's fouth latitude; but greater, if by the mo- 
tion of the nodes forward ſhe ſhould paſs on the 
north of the Sun's center. 

Bur for the ſake of thoſe, who, though they are 
delighted with ſydereal obſervations, may not. yet 
have made themſelves acquainted with the doctringe 
of parallaxes, | chuſe to explain the thing a little 
more fully by a ſcheme, and alſo oy a calculation 
ſome what more accurate. 

Let us ſuppoſe that at London, in the year 1767, 
on the 6th of June, at 35 minutes after V 1 in the 
morning, the Sun will be in Gemini 15 37, and 
therefore that at-its center the ecliptic is inclined 
toward the north, Jin an angle of 6® 10“: and that 
the viſible path of Venus on the Sun's diſc at 
that time declines to the ſouth, making an angle 
with the ecliptic of 82 28”: chen the path of Venus 
will alſo be inclined to the ſouth, with reſpect 
to the Equator, interſecting the parallels of decli- 

nation 


4 


60 


therewith, and the latter an angle of 8%Z, 
of theſe angles, which is 14% (and not their difference 20 180 
is the inclination of Venus's viſible path to the equator and 
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nation at an angle of 2* 18'*, Let us alſo ſuppoſe, 
that Venus, at the forementioned time, will be at 
her leaſt diſtance from the Sun's center, viz. only 


four minutes to the ſouth; and that every hour 
ſhe will deſcribe a ſpace of 4 minutes on the Sun, 


with a retrograde motion. The Sun's ſemidiame- 
ter will be 15” 51” nearly, and that of Venus 37's. 


And let us ſuppoſe, for trial's ſake, that the differ- 


ence of the horizontal parallaxes of Venus with the 
Sun (which we want) is 31“, ſuch as it comes out 


if the Sun's parallax be ſuppoſed 12"'s. Then, 


on the center C (Plate XV, Fig. 2.) let the little 
circle AB, repreſenting the Earth's diſc, be de- 
ſcribed, and let its ſemidiameter C B be 31“; and 
let the elliptic parallels of 22 and 56 degrees of 
north latitude (for the Ganges and Port-Nelſon) W 
drawn within it, in the manner now uſed by Aſtro- 
nomers for conſtructing ſolar eclipſes. Let B Cg 


be the meridian in which the Sun is, and to this, 


let the right line Y G, repreſenting the path of 
Venus, be inclined at an angle of 20 187; and let 
it be diſtant from the center C 240 ſuch parts, 
whereof CB is 31. From C let fall the right line 
CA, perpendicular to FG; and fuppoſe Venus to 
be at Z7 at 55 minutes after Vin the morning, 
Let the right line FH be divided into the horary 
ſpaces III IV, IV V, V VI, &c. each equal to CH; 
that is, to 4 minutes of a degree. Allo, let the 
right line L M be equal to the difference of the 


* This was an overſight in the Doctor, occaſioned by his 
placing both the Earth's axis B Cg (Fig. 2. of Plate XV.) and 
the Axis of Venus's orbit C H on the ſame fide of the axis of 
the ecliptic C K; the former making an angle of 69 10” there- 
with, and the latter an angle of 80 28” ; the difference of which 


angles is only 29 18', But the truth is, that the Earth's axis, 


ard the axis of Venus's orbit, will then lie on different ſides of 
the axis of the ecliptic, the former 3 an angle of 69 
herefore, the ſum 


Parallels of declination. t 


apparent 


ef the Planets from the Sun, 


apparent ſemidiameters of the Sun and Venus, 
which is 15' 13“; and a circle being deſcribed 


with the radius LM, on a center taken in any 


oint within the little circle 4 B repreſenting the 
Farth's diſc, will meet the right line FG in a point 
denoting the time at London when Venus ſhall 
touch the Sun's limb internally, as ſeen from the 
place of the Earth's ſurface that anſwers to the 
point aſſumed in the Earth's diſc. And if a circle 
be deſcribed on the center C, with the radius LM. 
it will meet the right line FG, in the points F and 
G; and the ſpaces FH and G H will be each equal 
to 14 4”, which ſpace Venus will appear to paſs 
over in 3 hours 40 minutes of time at London; 
therefore, F will fall in IT hours 15 minutes, and 
in IX hours 35 minutes in the morning. Whence 
It is manifeſt, that if the magnitude of the Earth, 
on account of its immenſe diſtance, ſhould vaniſh 
as it were into a point; or, if being deprived of a 
diurnal motion, it ſhould always have the Sun verti- 
cal to the ſame point C; the whole duration of 
this eclipſe would be 7 hours 20 minutes. But the 
Earth in that time being whirled through 110 de- 
grees of longitude, with a motion contrary to the 
motion of Venus, and conſequently the abovemen- 
tioned duration being contracted, ſuppoſe 12 mi- 
nutes, it will come out 7 hours 8 minutes, or 107 


degrees, nearly. | 

Now, Venus will be at H, at her leaſt diſtance 
from the Sun's center, when in the meridian of 
the eaſtern mouth of the Ganges, where the altitude 
of the pole is about 22 degrees. The Sun there - 
fore will be equally diſtant from the meridian of 
that place, at the moments of the ingreſs and egreſs 
of the planet, viz. 534 degrees; as the points a 
and & (repreſenting that place in the Earth's diſc 
AB) are, in the greater parallel, from the meridian 
BCg. But the diameter e f of that parallel will be 
to the diſtance @ b, as the ſquare of the radius to 
the rectangle under the ſines of 535 and 68 de- 


grees ; 
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The Method of finding the Diſtances 
grees; that is, as 1'2” to 46” 13”. And by a 
good calculation (which, that I may not tire the 
reader, it is better to omit) 1 find, that a circle de- 
ſcribed on à as a center, with the radius L M, will 
meet the right line FA in the point M, at II hours 
20 minutes 40 ſeconds; but that being deſcribed 
round & as a center, it will meet H in the point 
N at IX hours 29 minutes 22 ſeconds, according 
to the time reckoned at London: and therefore, 
Venus will be ſeen encirely within the Sun at the 
banks of the Ganges for 7 hours 8 minutes 42 ſe- 
conds: we have then rightly ſuppoſed, that the 


duration will be 7 hours 8 minutes, ſince the part 


of a minute here is of no conſequence, 

But adapting the calculation to Port-Nelſon, I 
find, that the Sun being about to ſet, Venus will 
enter his diſc; and immediately after his riſing ſhe 
will leave the ſame. That place is carried in the 
intermediate time through the hemiſphere oppoſite 
to the Sun, from c to d, with a motion conſpiring 
with the motion of Venus; and therefore, the ſtay 
of Venus on the Sun will be about 4 minutes 
longer, on account of the parallax ; fo that it will 
be atleaſt 7 hours 24 minutes, or 111 degrees of 
the equator. And ſince the latitude of the place 
is 56 degrees as the ſquare of the radius is to the 
rectangle contained under the fines 552 and 34 
degrees, ſo is A B, which is 1' 27, to c d, which is 
28" 335”. And if the calculation be juſtly made, 
it will appear, that a circle deſcribed on c as a cen- 
ter, with the radius L M, will meet the right line 
Fil in O, at II hours 12 minutes 45 ſeconds; and 
that ſuch a circle, deſcribed on 4 as a center, 
will meet HG in P, at IX hours 36 minutes 37 
ſeconds; and therefore the duration at Port- Nelſon 
will be 7 hours 23 minutes 452 ſeconds; which is 
greater than at the mouth of the Ganges, by 15 
minutes 10 ſeconds of time. But if Venus ſhould 
paſs over the Sun without having any latitude, the 
difference would be 18 minutes 40 feconds; . 

| 1 


c 


of the Planets from the Sun. 
if ſhe ſhould paſs 4' north of the Sun's center, the 
difference would amount to 21 minutes 40 ſeconds, 
and will be {till greater, if the planet's north lati- 
tude be more increaſed, 

From the foregoing hypotheſis it follows, that 
at London, when the Sun riſes, Venus will have 
entered his diſc; and that, at IX hours 37 minutes 
in the morning, the will touch the limb of the Sun 
internally in going off; and laſtly, that ſhe will not 
entirely leave the Sun till IX hours 56 minutes. 

It likewiſe follows from the ſame hypotheſis, 
that the center of Venus ſhould juſt touch the Sun's 
northern limb in the year 1769, on the third of 
June, at XI o'clock at night. So that, on account 
of the parallax, it will appear in the northern parts 
of Nerway, entirely within the Sun, which then 
does not ſet to thoſe parts; whilſt, on the coaſts 
of Peru and Chili, it will ſeem to travel over a ſmall 

ortion of the diſc of the ſetting Sun; and over 
that of the riſing Sun at the Molucca Iſlands, and 
in their neighbourhood. — But if the nodes of Ve- 
nus be found to have a retrograde motion (as there 
is ſome reaſon to believe from ſome later obſerva- 
tions they Naeh. then Venus will be ſeen every 
where within the Sun's diſc; and will afford a much 
better method for finding the Sun's parallax, by 
almoſt the greateſt difference in the duration of 
theſe eclipſcs that can poſſibly happen. 

But how this parallax may be deduced from 
obſervations made ſomewhere in the Eaſ- Indies, in 
the year 1761, both of the ingreſs and egreſs of 
Venus, and compared with thoſe made in its going 
off with us; namely, by applying the angles of a 
triangle given in ſpecie to the circumference of 
three. equal circles; ſhall be CR PARTING: © on ſome 
other occalion. | 64-556, 11 
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Tee Merbod of fndng the Diſtantts 


ARTICLE IV. 


» Serving that the whole method it h the Doctor 


cannot be put in practice, and why, 


27. In the above Diſſertation, the Doctor has 


explained his method with great modeſty, and even 


with ſome doubrfulneſs with regard to its full ſuc- 
ceſs. For he tells us, that the Sun's parallax may 
only be determined within its five hundredth part 


i JA 


thereby, provided it be not leſs than 120; that 


there may be a good obſervation made at Port- 


Nelſon, as well as about the banks of the Ganges; 
and that Venus does not paſs more than 4 minutes 
of a degree below the center of the Sun's diſc.— 
He has taken all proper pains not to raiſe our ex- 

ations too high, and yet, from his well-known 
abilities, and character as a great Aſtronomer, it 


ſeems mankind in general have laid greater ſtreſs 


upon his method, than he ever deſired them to do. 
Only, as he was convinced it was the beſt method 
by which this important problem can ever be 


ſolved, he recommended it warmly for that reaſon, 


He had not then made a ſufficient number of ob- 
ſervations, whereby to determine, with certainty, 
whether the nodes of Venus's orbit have any mo- 
tion at all; or if they have, whether it be back- 
ward or forward with reſpect to the ſtars. And 


_ conſequently, having not then made his own tables, 
he was obliged to calculate from the beſt that he 


could find. But thoſe tables allow of no motion to 
Venus's nodes, and alſo reckon her conjunction 
with the Sun to be about half an hour too late. 

28. But more modern obſeryations prove, that 
the nodes of Venus's orbit have a motion, back- 
ward, or contrary to the order of the ſigns, with 
reſpect to the fixed ſtars. And this motion is al- 


| lowed for, in the Doctor's tables, a great part 


whereof were made from his own * 
An 


9 e Platets from the dun. 


And it appears by theſe tables, that Venus will be 

ſo much farther paſt her deſcending node at the 
time of this tranſit, than ſhe was paſt her aſcending 

node at her tranſit in November 1639, that inſtead 

of paſſing only four minutes of a degree below the 

Sun's center in this, ſhe will paſs almoſt 10 minutes 

of a degree below it: on which account, the line 

of her tranſit will be ſo much ſhortened, as will 

make her paſſage over the Sun's diſc about an 

hour and 20 minutes leſs than if ſhe paſſed only 

4 minutes below the Sun's center at the middle of 
her tranſit. And therefore, her parallax from the 

Sun will be ſo much diminiſhed, both at the be- 

ginning and end of her, tranſit, and at all places 
from which the whole of it will be ſeen, that the 
difference of its durations, as ſeen from them, and 
as ſuppoſed to be ſeen from the Earth's center, will | 
* out to 11 minutes of time. 

9. But this is not all: for although the nl 

vill 0 before the Sun ſets to Port. Nelſon, it will 
be quite over before he riſes to that place next 
morning, on account of its ending ſo much ſooner 
than zs given by the tables to which the Doctor 
vas obliged to truſt, So that we are quite de- 
prived of the advantage that otherwiſe would have 
ariſen from obfervatios made at Port- Nelſon. 

30. In order to trace this affair through all its 
intricacies, and to render it as intelligible to the 
reader as 1 can, there will be an enevvidable; ne- 
ceſſity of dwelling much longer upon it than I could 
otherwiſe. wiſn. And as it is impoſſible ro lay 
down truly-the parallels of latitude, and the fitua- 
tions of places at particular times, in ſuch a ſmall 
diſc of the Earth as muſt be projected in ſuch a 
ſort of diagram as the Doctor has given, ſo as to 
meaſure thereby the exact times of che beginning 
and ending of the tranſit at any given place, unlefs © 
the Sun's diſc be made at leaſt 30 inches diameter 
in the projection; and to which the Doctor did not 
quite truſt without making ſome calculations; 1 

"2H ſhall 
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The Method of finding the Diſtances 


| ſhall take a different method, in which the Earth's 
- diſc may be made as large as the operator pleafes: 


but if he makes it only 6 inches in diameter, he 
may meaſure the quantity of Venus's parallax from 
the Sun upon it, both in longitude and latitude, 
to the fourth part of a ſecond, for any given time 
and place; and then, by an eaſy calculation in the 
common rule of three, he may find the effect of 
the parallaxes on the duration of the tranſit. In 
this, I ſhall firſt ſuppoſe with the DoCtor, that the 
Sun's horizontal parallaxis12”z ; and conſequently, 
that Venus's horizontal parallax from the Sun is 
31”. And after projeCting the tranſit, fo as to find 
the total effect of the parallax upon its duration, 
I ſhall next ſhew how nearly the Sun's real parallax 


may be found from the obſerved intervals between | 


the times of Venus's egreſs from the Sun, at par- 


ticular places of the Earth; which is the method 
now taken both by the Exgliſb and French Aſtro- 


nomers, and is a ſurer way whereby to come at the 
real quantity of the Sun's parallax, than by obſerv- 
ing how much the whole contraction of duration 


of the tranſit is, either at Bencoolen, Batavia, or 


Pondicherry. 
AN IC v. 


Shewing how to project the tranſit of Venus on the Sun's 
. diſc, as ſeen from different places of the Earth ; ſos 
10 find what its viſible duration muſt be at any given 

Place, according to any aſſumed parallax of the Sun; 

and from the obſerved intervals between the times of 

Venus egreſs from the Sun at particular places, I 
find the Sur's true horizontal parallax. 


. 31. The elements for this projection are as fol- 

ows: 115 Ne 
I. The true time of conjunction of the Sun and 
Venus; which, as ſeen from the Earth's center, 
and reckoned according to the equal _ at 
London, 


— 4 


ef hs Planets from the Sun, 
8 is on the 6th of Zune 1761, at 46 minutes 


17 ſeconds after V in the morning, according to 


Dr. HaLLey's tables. 
I. The geocentric latitude of Venus at that time, 
AY" ” ſouth. 

III. The Sun's ſemidiameter, 15' 50”. 

IV. The ſemidiameter of Venus (from the Doc- 
tor's Diſſertation) 37/3. | 

V. The difference of the ſemidiameters of the Sun 
and Venus, 15 12”z, 

VI. Their ſum, 16' 25 x. 

VII. The viſible angle which the tranſit· line makes 
with the ecliptic, 8* 31“; the angular point (or 
deſcending node) being 1 6 18” eaſtward from 

the Sun, as ſeen from the Earth ; the deſcend- 
ing node being in 4 14 29 37”, as ſeen 2 
the Sun; and the Sun in n= 15* $6: £82 
ſeen from the Earth. 


VIII. The angle which the Axis of Venus's viſible 


path makes with the axis of the ecliptic, 8 317; 
the ſouthern half of that axis being on the lefr 
hand (or eaſtward) of the axis of the ecliptic, 
as ſeen from the northern hemiſphere of the 
Earth, which would be to the right hand, as 
ſeen from the Sun. 

IX. The angle which the Earth's axis makes with 
the axis of the ecliptic, as ſeen from the Sun, 
6 the ſouthern half of the Earth's axis lying 
to the right hand of the axis of the ecliptic, in 
the projection, which would be to the left hand 
as ſeen from the Sun. 


X. The angle which the Earth's axis makes with 


the axis of Venus's viſible path, 14 31'; viz. 
the ſum of No VIII. and IX. 

XI. The true motion of Venus on the Sun, given 
by the tables as if it were ſeen from the Earth's 
center, 4 minutes of a degree in 60 minutes of 
time. 
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e Method of finding the Diſtances | 


32. Theſe elements being collected, make a 


ſcale of any convenient length, as that of Fig. 1. , 

in Plate XVI. and divide it into 17 equal parts, 
each whereof ſhall be taken for a minute of a de- 

gree; then, divide the minute next to the left 
. hand into 60 equal parts for ſeconds, by diagonal ys 
| lines, as in the figure. The reaſon for dividing K 
| the ſcale into 17 parts or minutes is, becauſe the 8 
[ ſum of the ſemidiameters of the Sun and Venus X 
| exceeds 16 minutes of a degree. See Ne VI, f 
| 33. Draw the right line ACG (Fig. 2.) for a p 
i ſmall part of the ecliptic, and perpendicular there- 8 

5 to draw the right line CVE for the axis of the 
ecliptic on the ſouthern half of the Sun's diſc. hi 
34. Take the Sun's ſemidiameter, 15" 50”, from 2 
| the ſcale with your compaſſes; and with that ex- 1 
tent, as a radius, ſet one foot in C as a center, and 7 

| deſcribe the ſemicircle AEG for the ſouthern' half 
| of the Sun's diſc; becauſe the tranſit is on that ' 
| half of the Sun. FFF f. 
435 from the ſcale with your compaſſes; and ſet 7 
that extent from C to v, on the axis of the eclip- MI 
tic: and the point v ſhall be the place of 3 7 5 

center on the Sun, at the tabular moment of her 
i JJ... So, ITT GT OO : 
| 36. Draw the right line CB D, making an angle 9 
S poke 31“ with the axis of rhe ecliptic, towards | 
Y the left hand; and this line ſhall repreſent the axis M 
| of Venus's geocentric viſible path on the Sun, 7 
| 37. Through the point of the conjunction v, in 
. the axis of the ecliptic, draw the Rahe nge s tr for Y 
the geocentric viſible path of Venus over the,Sun's 5 
diſc, at right angles to CHD, the axis of her orbit, 0 


which axis will divide the line of her path into two 
equal parts 47 mai e 


38. Take Venus's horary motion on the Sun, I; 


4, from the ſcale with your compaſſes ; and with A 
that extent make marks along the tranſit line 377. 1 


The equal ſpaces, from mark to mark, ſhew how 1 
5 | much | 
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much” of that line Venus moves through in each 
hour, as ſeen from the Earth's center, during her 
continuance on the Sun's diſc. 

39. Divide each of theſe horary ſpaces, from 
mark to mark, into 60 equal parts for minutes of 
time; and ſet the hours to the proper marks in ſuch 
a manner, that the true time of conjunction of the 
Sun and Venus, 465 minutes after Vin the morn- 
ing, may fall into the point v, where the tranſit- 
line cuts the axis of the ecliptic. So the point v 
ſhall denote the place of Venus's center on the 
Sun, at the inſtant of her ecliptical conjunction 
with the Sun, and ? (in the axis C D of her orbit) 
will be the middle of her tranſit; which is at 24 
minutes aften V in the morning, as ſeen from the 
Earth's center, and reckoned. by the qual time ar 


London. 
40. Take the difference of the fecnidiameters of 


ine Sun and Venus, 15“ 12%, in your compaſſes 
from the ſcale; and with that extent, ſetting one 
foot in the Sun's center C, deſeribe the arcs N and 
T with the other, croſſing the tranſit-line in the 
ints x and /; which are the points on the Sun's 
diſc that are hid by the center of Venus at the mo- 
ments of her two internal contacts with the Sun's 
limb or edge, at M and Ne the former of theſe is 
the moment. of Venus's total ingreſs on the Sun, 
as ſeen from the Earth's center, which 1s at 28 
minutes after II in the morning, as reckoned at 
London; and the latter is the moment when. her 
egreſs from the Sun begins, as {een from the Earth's 
center, which is <0 minutes after VIII tn the morn=- 
ing at London. The interval between theſe rwo 

contacts is 5 hours 52 minutes. 
41. The central ingreis of Venus on the Sun is 
the moment when her center is on the Sun's eaſtern 
limb at «, which is at 15 minutes after II in the 
morning; and her central egreſs from the Sun is 
the moment when her center is on the Sun's weſtefn 
limb at w; which is at 330 minutes after VIE in 
An 3 the 
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the morning, as ſeen from the Earth's center, and 


reckoned according to the time at London. The 


interval between theſe times 1s 6 hours 18 minutes, 

42. Take the ſum of the ſemidiameters of the 
Sun and Venus, 16' 27”z, in your compaſſes from 
the ſcale; and with that extent, ſetting one foot in 
the Sun's center C, deſcribe the arcs T and R with 


the other, cutting the tranſit· line in the points q and 


7, which are the points in open ſpace (clear of the 


Sun) where the center of Venus 1s, at the rhoments 


of her two external contacts with the Sun's limb 
at & and V; or the moments of the beginning and 
ending of the tranſit, as ſeen from the Earth's cen- 
ter; the former of which is at 3 minutes after II in 
the morning at London, and the latter at 45 mi- 
nutes after VIII. The interval between 85 mo- 
ments is 6 hours 42 minutes. 

43. Take the ſemidiameter of Venus 370 5 in 
your compaſſes from the ſcale; and with that ex- 
tent as a radius, on the points 3, &, 2, I, r, as cen- 
ters, deſcribe the circles HS, MI, O E, PN, V, 
for the diſc of Venus, at her firſt contact at 5, her 


total ingreſs at M, her place on the Sun at the 


middle of her tranfitz ber en of pals at M. 
men Here laſt contatt at , gn, lerfis 
44. Thoſe who have a mind ene Earth $ 


diſc on-the Sun, round the center C, and to lay 


down the parallels of latitude and ſitvations of places 


thereon, according to Dr. Hattey's method, may 


draw C for the axis of the Earth, produced ro-the 


ſouthern edge of the Sun at ; and making an 


angle f of: 69 with the axis of the ecliptic CE: 
but he will find it very difficult and uncertain to 
mark the places on that diſc, unleſs hs makes the 


Sun's ſemidiameter A C ig inches at leaſt: other- 


wiſe the line C is of no uſe at all in this 48 
tion. The following method is better. 


445. In Fig. 3. of Plate XVI. make the line A B 
of any convenient length, and divide it into 31 
equal parts, each whereof ſhall be taken for a ſecond 
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of Venus's parallax either from or upon the Sun 
(her horizontal parallax from the Sun being ſup- 
poſed to be 31“); and taking the whole length 
A in your compaſſes, ſet one foot in C (Fig. 4.) 


as a center, and deſcribe the circle AEB O for the 


Earth's enlightened diſc, whoſe diameter is 62“, or 
double the horizontal parallax of Venus from the 


Sun. In this diſc, draw ACB for a ſmall part of 


the ecliptic, and at right angles thereto draw ECD 
for the axis of the ecliptic. . Draw alſo N CS both 
for the Earth's axis and univerſal ſolar meridian, 
making an angle of 60 with the axis of the ecliptic, 
as ſeen from the Sun; HC for the Axis of Venus's 
orbit, making an angle of 8* 31“ with E CD, the 
axis of the ecliptic; and laſtly, YC O for a ſmall 
part of Venus's orbit, at right angles to its axis. 


46. This figure repreſents the Earth's enlight- 


ened diſc, as ſeen from the Sun at the time of the 
tranſit. The parallels of latitude of London, the 
eaſtern mouth of the Ganges, Bencoolen, and the 
iſland of Sr. Helena, are laid down in it, in the 
ſame manner as they would appear to an obſerver 
on the Sun, if they were really drawn in circles on 
the Earth's ſurface (like thoſe on a common ter- 
reſtrial globe) and could be viſible at ſuch a diſ- 
tance. The method of delineating theſe parallels 
is the ſame as already deſcribed in the XIXth Chap- 
ter, for the conſtruction of ſolar eclipſes. 

47. The points where the curve-lines (called 
hour - circles) XI N. XN, &c. cut the parallels of 
latitude, or paths of the four places above- men- 
tioned, are the points at which ꝭ the places them- 
ſelves would appear in the diſc, as ſeen from the 
Sun, at: theſe hours reſpectively. When either 
place comes to the ſolar meridian N.CS by the 
Earth's rotation on its axis, it is noon at that place; 
and the difference, in abſolute time, between the 
noon at that place and the noon at any other place, 
is in proportion to the difference of longitude: of 
theſe two places, reckoning one hour for every 15 
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degrees of longitude, and 4 minutes for each de- 
gree: adding the time if the longitude be ee 
but ſubtracting i it if the longitude be weſt. 

48. The diſtance of either of theſe — kl from 
# CI (the axis of Venus's *,orbit) at any hour or 
part of an hour, being meaſured upon the ſcale 
AB in Fig. 3. will be equal to Venus's parallax in 
longitude, either on or from the Sun; and this 


parallax, being always contrary to the poſition of 


the place; is eaſtward as long as the place keeps 
on the left hand of the axis of the ecliptic, as ſeen 


from the Sun; and weſtward when the place gets 


to the right hand. of the axis: of the ecliptic. So 
that, to all the places which are poſited in the he- 
miſphere HV 7 of the diſc, at any given time, Ve- 
nus has an eaſtern. parallax of longitude; but when 
the Earth's diurnal motion carries the ſame places 
into the hemiſpbere H O 2 the rene of . 
is weſtward. 

49. When Venus — a Nana toward: 50 caſt, 
as ſeen from any given place on the Earth's ſor⸗ 
face, either at the time of her total ingreſs or be- 


ginning of egreſs, as ſeen from the Earth's center; 


add the time anſwering to this parallax to the time 
of ingreſs or egreſs at the Earth's center, and the 
ſum will be the time thereof, as ſeen from the given 
7847 on the Earth's ſurface: : but when the paral- 
lax is weſtward, ſubtract the time anſwering there- 

to from the time of total ingreſs or beginning of 
egreſs as ſeen from the Earth's center, and the re- 
mainder will, be the time as ſeen from the given 
en on the, ſurface, fo far”. as it Tis affected By: this 


. ln the foripr eds, of ts 1 0 a a. in 1 
the. pa: allax in longitudęe in a livs from the given place. te the 
axis of the ectiptic, and perpendicular thereto ; and the parale 
lax in latitede from the given place to the plane of tbe ecñp- 


tic, and perpendicular thereto. - But lin this edition, theſe er- 


rats are cottected; which make ſpme ſmall differences in the 
quantities of the parallaxes, end in the times depending thereon; 
a2 will appear * e ihem i in this with thoſe K. the former 

edition. 


2 


E 
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irallan;—The reaſon of this is p!ain to every one 


who conſiders, that an eaſtern parallax keeps the 

lanet back, and a weſtern parallax carries it for- 
ward, with reſpect to its true place or poſition, at 
any inſtant of time, as ſeen from the Bae $ CEN» 
ter. 


VCO, the plane of Venus's orbit at any hour or 
part of an hour, being meaſured on the ſcale 4 
in Fig. 3. will be equal to Venus's parallax in lati- 
tude, which is northward from the true line of her 
path on the Sun as ſeen from the Earth's center, 
if the giyen place be on the north ſide of the plane 
of her orbit YC O on the Earth's diſc; and the 


contrary, if the given place be on the north ſide of 


that plane; that is, the parallax is always contrary 


to the ſituation of the place on the Earth's diſc, 


with reſpect to the plane of Venus's orbit thereon, 
31. As the line of Venus's tranſit is on the 


ſouthern hemiſphere of the Sun's diſc; it is plain 
that a northern parallax in her latitude will cauſe. 


her to deſcribe a longer line on the Sun; than if 
ſhe had no ſuch parallax ; ; and a ſouthern” parallax 
in latitude will caufe her to deſcribe a ſhorrer line 
on the Sun, than if ſhe. had no ſuch parallax.— 
And the longer this line is, the ſooner will her total 
ingreſs be, and the later will be her beginning of 
egreſs; and juſt the contrary, if the line be ſhort- 
er. But to all places fituated on the north fide of 
the plane of her orbit, in the hemiſphere YH O, the 
parallax of latitude is ſouth ; and to all places ſitu- 
ated on the ſouth ſide of the plane of her orbit, in 
the hemiſphere VO, the patallax of latitude is 
north. Therefore, the line of the tranſit will be 
ſhorter to all places in the' hemiſphere Y HO, than 


It will be as ſeen from the Earth's center, Your | 


there is no parallax at all; and longer to all place 
in the hemiſphere V1O. So thar the time anfvettng 
to this Fran mult be added to the time of total 


gr els as teen from the Earth's center, and ſubtract- 
| ed 


50. The neareſd diſtanos of any given pisse from 
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ed from the beginning of egreſs as ſeen from the 
Earth's center, in order to have the true time of 
total ingreſs and beginning of egreſs as ſeen from 
places in the hemiſphere Y HO: and juſt the reverſe 
for places in the hemiſphere Y TO.—lt was proper to 
mention theſe circumſtances; for the reader's more 
ealily conceiving the reaſon of applying the times 
anſwering to the parallaxes of longitude and lati- 
tude in the ſubſequent part of this article: for it is 
their ſum in ſome caſes, and their difference in 
others, which being applied to the times of total 
ingreſs and beginning of egreſs as ſeen from the 
Earth's center, that will give the times thereof as 
ſeen from the given places on the Earth's ſurface. 
52. The angle which the Sun's ſemidiameter 
ſubtends, as ſeen from the Earth, at all times of 
the year, has been ſo well aſcertained by late ob- 
ſervations, that we can make no doubt of its being 
15 50” on the day of the tranſit; and Venus's lati- 
tude has alſo been ſo well aſcertained at many dif- 
ferent times of late, that we have very good rea- 
ſon to believe it will be 9“ 43” ſouth of the Sun's 
center, at the time of Ness conjunction with the 
Sun. —If then her ſemidiameter at that time be 
37% (as mentioned by Dr. HALLE Y) it appears 
by the projection (Fig. 2.) that her total ingreſs on 
the Sun as ſeen from the Earth's: center, will be 
at 28 minutes after II in the morning ($/40.) and 
her beginning of egreſs from the Sun will be 20 
minutes after VIII, 5 to e time reekon- 
ed at London. 01 j 
53. As the total ingreſs. will not be be at 
London, we ſhall not here trouble the reader about 
Venus's parallax at that time. But by projecting 
the ſituation of London on the Earth's dile (Fig. 4. 


for the time when the egreſs begins, we find 1 it wil 


then be at 7, as ſeen from the Sun. 

Draw 1d parallel. to Venus's orbit YC 0, and 1 4 
perpendicular to it: the former 1s Venus's eaſtern 
a in longitude at her begir ning of Os 

all 
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and the latter is her ſouthern parallax is latitude 


Ee 
f at that time. Take theſe in your compaſſes, and 
n meaſure them on the ſcale AB (Fig. 3.) and you 
e will find the parallax in longitude to be 1002, and 
0 the parallax in latitude to be 21”. 

e 54. As Venus's true motion on the Sun is at the 
8 rate of 4 minutes of a degree in 60 minutes of 


- time (See N* XI. of § 31.) ſay, as 4 minutes of a 
$ degree is to 60 minutes of time, ſo is 10“ of a 
n degree to 2 minutes 41 ſeconds of time; which 
| being added to VIII hours 20 minutes (becauſe 
this parallax is eaſtward, § 49.) gives VIII hours 
22 minutes 41 ſeconds, for the beginning of egreſs 
at London, as affected only by this parallax. —Buc 
as Venus has a ſouthern parallax of latitude at that 
time, her beginning of egreſs will be ſooner ; for 
this parallax ſhortens the line of her viſible tranſic 
at London. | | 
add it to Venus's latitude 97 43”, and the ſum will 
be 10042; which is to be taken from the ſcale 
in Fig. 1. and ſet from C to L in Fig. 2. And 
then, if a line be drawn parallel to 7, it will ter- 
minate at the point p in the arc 7, where Venus's 
center will be at the beginning of her egreſs as ſeen 
from London .- But as her center is at I when her 
egreſs begins as ſeen from the Earth's center, take 
L) in your compaſſes, and ſetting that extent from 
t towards J on the central tranſit- line, you will find 
it to be 3g minutes ſhorter. than f: therefore ſub- 
tract 5 minutes from VIII hours 22 minutes 41 
ſeconds, and there will remain VIII hours 17 mi- 
nutes 41 ſeconds for the viſible beginning of egreſs 
in the morning at London. | 


The reaſon why the line L, a Bl, ct, and 76, which 
are the viſible tranſits at London, the Ganges mouth, Bencoolen, 
and St. Helena, are not parallel to the central tranſit-iine #7 U, 

is, becauſe the parallaxes in latitude are different at the times of 
ingreſs and egreſs, as ſeen from each of theſe places, The me- 

thod of drawing theſe lines will be ſhewn by and by, 
56. At 


55. As this parallax of latitude is 2172 ſouth, 
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56. At V hours 24 minutes (which is the mid- 


dle of the tranſit as ſeen from the Earth's center) 
London will be at L on the Earth's diſe (Fig. 4.) 


as ſeen from the Sun, The parallax of longitude 
La is then 2”z; by which, working as above di- 


rected, we and the middle of the tranſit, as ſeen 


from London, to be at V hours 20 minutes 53 
ſeconds. This is not affected by the parallax 0 
latitude Lr. - But L meaſures 27. on the ſcale 
AB (Fig. 3.) therefore take 27” from the ſcale 
in Fig. 1. 2 ſet it from f to L, on the axis of 
Venus's path in Fig. 2. and laying a ruler to the 
point T, and the above found point of egreſs p, draw 
oLp for the line of the tranſit as ſeen from London. 
57. The eaſtern mouth of the river Ganges is 89 
degrees eaſt from the meridian of London z and 
therefore, when the time at London is 28 minutes 
after II in the morning (S 40.) it is 24 minutes paſt 
VIII in the morning (by & 47.) at the mouth of 
the Ganges; and when it is 20 minutes paſt VIII 


in the morning at London (F 40.) it is 16. minutes 


paſt II in the afternoon at the Ganges. Therefore, 
by projecting that place upon the Earth's diſc, as 
ſeen from the Sun, it will be at G (in Fig. 4.) at 
the time of Venus's total ingreſs, as ſeen from the 
Earth's center, and at g when her egreſs begins. 
Draw Ge and gr parallel to the orbit of Venus 
C O, and meaſure them on the ſcale A in Fig. 3. 
the former will be 21” for Venus's eaſtern parallax 


in longitude, at the above-mentioned time of her 


total ingreſs, and the latter will be 16”z: for her 
weſtern Parallax i in longitude at the time when her 


egreſs begins. The former parallax gives 5 minutes 
15 ſeconds of time (by the analogy in & 54.) to be 


added to VIII hours 24 minutes, and the latter pa- 


rallax gives 4 minutes it ſeconds to be ſubtracted 


from II hours 16 minutes; by which we have VIII 


hours 29 minutes 15 ſeconds, for the time of total 
ingreſs as een from che c banks of the Ganges, and JI 
Fe hours 

1 4 9 By ; 


6 


1 of the Planets from the Sun, Wo 


tours 11 minutes 49 ſeconds for the beginning of 
egreſs, as effected by theſe parallaxes. 

Draw G f perpendicular to Venus's orbit, YOC, 
and by meaſurement on the ſcale AB (Fig. 3.) it will 
be found to contain 10”; which being taken from 
the ſcale in Fig. 1. and ſet _ ſouthward from the 
porn of total ingreſs # (Fig. 2. as ſeen from the 


arth*s center) parallel to ae a axis of Venus's path, 
it will fall into the point c on the arc V. Draw 


Ct, and taking the extent /c in your compaſſes, 
and applying it from : towards æ, you will find it 
to fall a minute ſhort of &; which ſhews, that 


Venus's parallax in latitude Morfets the begin- 


ning of the line of her viſible tranſit at the Ganges 
by one minute of time. Therefore, as this makes 
the viſible ingreſs a minute läter, add one minute 
to the above VIII hours 29 minutes 15 ſeconds, 
and it will give VIII hours 30 minutes 15 feconds 
for the time of total ingreſs in the morning, as 
ſeen from the eaſtern mouth of the Ganges! At 
the beginning of egrefs, the parallax of latitude 
79 is 22 (by meaſurement of the ſcale AH) which 
will protract: the beginning of egreſs by about 30 
ſeconds of time, and molt. therefore be added to 
the above II hours 11 minutes 40 ſeconds; which 
will make the viſible beginning of egteſs to be at 
II hours 12 minutes 19 ſeconds 10 the: Afternoon. 
38. Bencoolen is 102 degrees caſt from the meri- 
dian of London; and therefore, When the time is 
28 minutes paſt IF in the morning at London, it is 
16 minutes paſt IX in the morning” at Bencoblen; 
and when it is 20 minutes paſt VIII Lin the martis 
ing at London, it is 8 minutes paſt III ein the afler- 
noon at Bencbolen. Therefore, in Fig. A. Beicoblen 
will be at Bar the time of Venus's total ingreſs as 


ſeen from the Earth's center; and at when "her 


44 beg 54 1154 25 4 * 


egreſs begins. 
Draw Bi and & b Parallel: to ends 8 brit CO; 
and meaſure them on the ſcale: the former will be 
found to be 22“ for Venus's eaſtern parallax in 
longi- 
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longitude at the time of her total ingreſs ; and the 


H x 


latter to be 190 for her weſtern parallax in longi- 


tude when her egreſs begins, as ſeen from the 
Earth's center. The firſt of theſe parallaxes gives 
5 minutes 30 ſeconds (by the analogy in § 54.) to 
be added to IX hours 16 minutes, and the latter 
parallax gives 4 minutes 52 ſeconds to be ſubtracted 
from III hours 8 minutes; whence we have IX 
hours 21 minutes 3o ſeconds for the time of total 


| ingreſs at Bencoolen : and III hours and 3 minutes 


8 feconds for the time when the egreſs begins there, 
as affected by theſe two parallaxes,  _ | 
59. Draw B v and m perpendicular to Venus's 


orbit VCO, and meaſure them on the ſcale 4B: 


the former will be ;” for Venus's northern parallax 
in latitude as ſeen from Bencoolen at the time of 
her total ingreſs; and the latter will be 15” for 
her northern parallax in latitude when her egreſs 
begins. Take theſe parallaxes from the ſcale in 
Fig. 1. in your compaſſes, and ſet them off above 
the central tranſit-line perpendicular to the axis 


of Venus's path; the former from the left-hand of 


E (Fig. 2.) to à in the arc N, and the latter from 
the right-hand of / to & in the arc T; and draw 
4 B b for the line of Venus's tranſit. as ſeen from 


Bencoolen : the center of Venus being at @, as ſeen 
from Hencoolen, at the moment of her total ingreſs; 


and at þ at the moment when her egreſs begins. 


But as ſeen from the Earth's, center, the center 


of Venus is at & in the former caſe, and at / in the 


latter: ſo that we find the line of the tranſit is 
longer as ſeen from Bencoolen than as ſeen from the 
Earth's center, which is the effect of Venus's nor- 
thern parallax in latitude.— Take B.g in your com- 
paſſes, and ſetting that extent backward. from 7 


toward g, on the central tranſit- line, you will find 


it will reach two minutes beyond thereon: and 


taking the extent B in your compaſſes, and ſet- 


ting it forward from f towards , on the central 


tranſit-line, it will be found to reach 3 minutes 
| | beyond 


ſeen from the Earth's center. 
dle of that iſland is 6e weſt from the meridian of 
London, and the ſaid egreſs begins when tlie time 
at London is 20 minutes paſt VIII in the morning. 
it will then be only 56 minutes paſt VIE] in you 


Ho 
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beyond 1 thereon. Conſequently, if we ſubtract 
2 minutes from IX hours 21 minutes 30 ſeconds 
(above found), we have IX hours 19 minutes 30 


ſeconds, in the morning, for the time of total in- 


greſs as ſeen from Bencoolen: and if we add 3 mi- 


nutes to the above found III hours 3 minutes 8 
ſeconds, we ſhall have III hours 6 minutes 8 
ſeconds after noon, for the time when the egreſs be- 


gins as ſeen from Bencoolen. 
60. The whole duration of the tranſit, from 


total ingreſs to beginning of egreſs, as ſeen from 
the Earth's center, is 5 hours 52 minutes (by § 40.) 


but the whole duration from total ingreſs to begin- 
ning of egreſs, as ſeen from Bencoolen, is only 5 


hours 46 minutes 38 ſeconds; which is 5 minutes 


22 ſeconds leſs than as ſeen from the Earth's cen- 
ter: and this 5 minutes 22 ſeconds is the whole 


effect of the parallaxes (both in longitude and la- 


titude) on the duration of the tranſit at Bencoolen. 
But the duration as ſeen at the mouth of the 


8 Ganges, from ingreſs to egreſs, is ſtill leſs; for it 
is only 5 hours 42 minutes 4 feconds: which is 9 
minutes 56 ſeconds leſs than as ſeen from the 
Earth's center, and 4 minutes 34 6 ſeconds wp un 
1 as eng at Nn 


Cy”? 7. 


2575 Ait 
4.) Faden the e el de as 


be at H Ear in! Fig 
And fince the mid 


morning at &. Helena. 

Draw Hu parallel to Venus Y ic 7 0 0, a0 
perpendicular to it; and by meaſuring them on 
the ſcale AB (Fi ig. 3.) the former will be found to 
amount to 29“ for Venus's eaſtern parallax in longi- 


tude, as ſeen from St. Helena, when her egreſs be- 
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gins as ſeen from the Earth's center; and the lattet 


to be 6” for her ee co ain in ee at 
that time. 


er 


bnd for 5h re Hoch pe] egreſ at .. elne, 
as affected by this parallax.— But 6“ of parallax in 
latitude (applied as in the caſe of Bencoolen) length- 
ens out the end of the tranſit line by one minute; 
which being added to VIII hours 6 minutes 3 
ſeconds, gives VIII hours 7 minutes 2 ſeconds for 
the beginning of egreſs, as ſeen from St. Helena, 
62. We ſhall now collect the above-mentioned 
times into a ſmall table, that they may be ſeen at 
eaten eg a Bieten moraiyge afternoon, 
- , 1:4 £4: 9 a apr 82 ' © 44 38 * FF ty 
58 dn... 
H. M. 8. 


of WS. 
o 1 


London” = = b e ] 
Begcpole IX Ml int, 7 9 2 55 1 

I Bencoolen,, =" IX 19 30 6. 8% 5 46.3 

I 923 — Lee VIII. : M4 5.6 
ne [551 ry *143r 1 

Th e imes at the gane of laſt meptivnes places 

1 to che! merigk⸗ 77401, by ſub- 

rig bours 56 mingtes, Rom e times of i in- 

els Fo Legteſs 2 the Ganger; 6 hours 48 minutes 

4 the times thereof” At Bencoolen ; a adding 

24. minutes to the time, of beginning of cgrels at 


EY This duration, as den ech Se Earth's center, is on ſup⸗- 
poſition that the ſemidiameter of Venus would be found equal 
to 37 E, on the Sun's diſc, as ſtated by Dr. Halley (fee Art. V. 
$31.) co which all the other dprations are accommodated.— 
But, from later obſervati gps, it is highly probable, that the 
ſemidiameter of Venus will be found t to exceed 30“ on the 
San; and if ſo, the duration between the two internal con- 
tacts, as ſeen from the. Karth's center, will be 5 hours 58 
minutes; and the durations, as ſeen from the above- mentioned 


4 FF. will be Jengtbened very nearly in the ſame proportion. 


ot, 


— © 


dds > By — ¶ At — 


| 


* 


of the Planets from the Sun, 
V. Helena: and being thus reduced; they are as 
: follows: | | 


Total ingreſs. Beg. of egreſs. 

| Z | 5 M. 8 H. M. 8. 5 
| Times at) Ganges mouth II 34 15 M. VIII 16 19M Te 
| London Bencoolen «- - II 31 30M. VIII 18 8 M ner 
for St. Helena - Invilible M. VIII 31 2 M e. 


- 


64. All this is on ſuppoſition, that we have the 
true longitudes of the three laſt mentioned places, 
that the Sun's horizontal parallax is 12“ that the 
true latitude of Venus is given, and that her ſemi- 
diameter will ſubtend an angle of 35” on the Sun's 
WIS 1 i 

As for the longitudes, we muſt ſuppoſe them 
true, until the obſervers aſcertain them, which is 
a very important part of their buſineſs; and with- 
out which they can by no means find the interval 
of abſolute time that elapſeth between either the 
ingreſs or egreſs, as ſeen from any two given places: 
and there is much greater dependance to be had 
on this elapſe, than upon the whole contraction of 
duration at any given place, as it will undoubtedly 
afford a ſurer baſis for determining the Sun's pa- 
rallax. g 5 | 
6g. I have good reaſon to believe, that the lati- 
tude of Venus, as given in 5 31, will be found by 
obſervation to be very near the truth; but that the 
time of conjunction there mentioned will be found 
later than the true time by almoſt 5 minutes; that 
Venus's ſemidiameter will ſubtend an angle of no if 
more than 30“ on the Sun's diſc; and that the 10 
middle of her tranſit, as ſeen from the Earth's I 
center, will be at 24 minutes after V in the morn- 
ing, as reckoned by the equal time at London. . ti 

66. Subtract VIII hours 17 minutes 41 ſeconds, 
the time when the egreſs begins at London, from | 
VIII hours 31 minutes 2 ſeconds, the time reckoned | ; 
at London when the egreſs begins at St. Helena, and | 
there will remain 13 minutes 21 ſeconds (or 801 | 

. eee 
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compared together, the true quantity O 


ſince it may be preſumed, + 


The Ma bed of finding the Diſtances 


Teconds) for their difference, or elapſe, in abſolute 


time, between the be nates of egreſs as ſcen from 


theſe two places. 

Divide this elapſe of 901 ſeconds by the Sun's 
parallax 12”z, and the quotient will be 64 ſeconds 
and a ſmall edlen. So that for each ſecond of 
a degree in the Sun's horizontal parallax (ſuppoſ- 
ing it to be 127) there will be a difference or elapſe 
of 64 ſeconds of abſolute time between the begin- 
ning of egreſs as ſeen from London, and as ſeen 
from St. Helena : and conſequently 32 ſeconds of 
time for every half ſecond of the Sun's parallax; 
16 ſeconds of time for every fourth part of a 
ſecond of the Sun's parallax; 8 ſeconds of time 
for the eighth part of a ſecond of the Sun's paral- 
Tax; and full 4 ſeconds for a fixteenth part of the 
Sun's parallax. 

For, in ſo ſmall an angle as that of the Sun's 


parallax, the, arc is not ſenſibly different, from 
either its fine or its tangent: and therefore, the 


quantity of this parallax is in direct proportion to 
tne abſolute difference | in the time of egrels ariling 
from it, at different parts of the Earth. 


67. Therefore, when this difference is aſcertained 


by.good obſervations, made at different Pts and 
the Sun's 

lax will, be very. 8185 determined. For, 
at the beginning of 

egreſs can be obſerved within 2 ſeconds of its real 


Para! 


time, the Sun's parallax may be then found within 
the 32d part of a ſecond of its true quantity; and 


conſequently, his diſtance may be found within a 


400th 7 201 of the whole, provided his, parallax be 
not le | 


4 ; 


than 12%; for 32 times 123 is 400. 
68. But ſince Dr. HaLLey has aflured us, that 


te had obſcryed the two internal contacts of the 


144 


may well imagine that- the internal A 00 
Venus with the Sun may be obſerved with as 


great 


of the Planets from the Su. 483 
great accuracy. So that we may hope to have the 
abſolute interval between the moments of her be- 
ginning of egreſs, as ſeen from London and from 
St. Helena, true to a ſecond of time; and if fo; the 
Sun's parallax may be determined to the 64th part 
of a ſecond; provided it be not leſs than 12"z; 
and conſequently his diſtance may be found, within 
its 8ooth part, for 64 times 124 is 800: which 
is {till nearer the truth than Dr, HaLLey expected TRY 
it might be found, by obſerving the whole dura- 1 
tion of the tranſit in the Eaſi-Indies and at Port- 1 
Nelſon. So that our preſent Aſtronomers have ju- 1420 
diciouſly reſolved to improve the Doctor's method, 
by taking only the interval between the abſolute 1 
times of its ending at different places. If the 19 
Sun's parallax be greater or leſs than 127, the 19 
elapſe or difference of abſolute time between the "iy 
beginning of egreſs at London and St. Helena will ö '1 N 
be found by oblervation to be greater or leſs than 14 
801 ſeconds accordingly,  _ INE. 
69. There will alſo be a great difference between 164 

the abſolute times of egreſs at St. Helena and the 1 
northern parts of Ruſſia, which would make theſe | 
places very proper for obſervation. The difference | 
between them at Tobolſt in Siberia and at §t. Helena [11188 
will be 11 minutes, according to De L'IsLE's map: 1 
at Archangel it will be but about 40 ſeconds leſs 14 
than at Tobbolſe; and only a minute and a quarter Walt | 
leſs at Peterſburg, even if the ' Sun's parallax, be (11/188 
no more than 1o'z. At Wardbus the fame ad- . Wt 
vantage would nearly be gained as at Tobolſt: but i; 0 
if the obſervers could go ſtill farther to the eaſt, "ll 
as to Yakoutſt in Siberia, the advantage would be 
ſtill greater; for, as M. Dz L'Is EE very juſtly = 
obſerves, in a memoir preſented to the French king | | 
with his map of the tranſit, the difference of time e 
between Venus's egreſs from the Sun at Tatcuiſt 6 
and at the Cape of Good Hope will be 131 minutes. Wl: 
70. This method requires that the longitude of wi 
each place of obſervation be aſcertained to the | 
„%% OO. 11 2 greateſt 
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greateſt degree of nicety, and that each obſerver 0 
clock be exactly regulated to the equal time at his 
place: for without theſe particulars it would be 
impoſſible for the obſervers to reduce the times 
co.thoſe which are reckoned under any given meri- 
dian; and without reducing the obſerved times of 

egteſs at different places to the time at ſome given 
place, the abſolute time that elapſeth between the 
egreſs at one place and at another could not be 
found. But the longitudes may be found, by ob- 
ſerving the eclipſes of Jupiter's ſatellites ; and a 
true meridian, for regulating the clock, to the time 
at any place, may, be had, by obſerving when any 
given ſtar, within 20 or 30 degrees of the pole, is 
ſtationary, with regard to its azimuth, on the eaſt 
and. weſt ſides of the pole; the pole itſelf being 
the middle point between theſe two ſtationary po- 
ſitions of the ſtar. And it is not material for the 
obſervers to know exactly either the true angular 


meaſure of the Sun's diameter, or of Venus s, in 
this caſe; for whatever, their diameters be, it will 


make ng. ſeadb) e bet in the rig ey interval 


ref the lame cogtact, a8 feen om 81 


rical conftruion Ye tranſits, 
1B (E 1813 3. of 115 18. may be di- 
ambe! 167 <q pen Fr 

= 0. bk us's hori- 
e 97 5 ee always the 
e 580 the horizontal arte of Venus 
and that of th n) provided u whole length of 


the ſ ſcale b whey to che fe idiameter of the Eartbes 


al te 12 


..diſc; 1n Fi „4 it We Tuppoſe Venus's s hori- 
6 1 15 Sun. te only 26“ (in. 

of 21”) in Mid caſe tlie Sut's horizontal 
parallax muſt be 10%. 3493, as in & 20, the reſt of 
the projection will anſwer to that ſcale : as CD, 
which contains only 26 equal parts, is the ſame 
length as 4 B, which contains 31. And by work- 
ing in all other reſpects as taught from F 45 to 


| $62, 


. , 4 or an oo oe: tres Ade wat Wh 


of the Planets from the Sun. 


$62, you will find the times of total ingreſs and 
beginning of egreſs; and conſequently, the dura- 
tion of the tranſit at any given Place, which muſt 
reſult from ſuch a parallax. | 
„ , I projections of this kind, it may be eaſily 
conceived, that a right line paſt ing continually 
through the center of Venus, and a given point of 
the Earth, and produced to the Sun's diſc; will 
mark the path of Venus on the Sun as ſeen from 
the given point of the Earth: and in this there are 
three caſes. 1. When the given point is the 
Earth's center, at which there is no parallax, either 


in longitude or latitude. 2. When the given point 


is one of the poles, where there is no parallax of 
longitude; but a, parallax of latitude, whoſe quan- 
tity is eaſily determined, by letting fall a perpen- 
dicular from the pole upon the plane of Venus's 
orbit, and ſetting off the parallax of latitude on 
this perpendicular: and here, the polar tranſit-lines 
will be parallel to the central; as the poles have 


no motion riſing. from the. Farth's diurnal rota- 


nden for? he. laſt caſe i is, when the given point of 
the Earth is any point of its furface, whoſe lati- 
tude 1 is leſs. than 90 degrees: : then there is a paral- 
lax in latitu proportional to the perpendicular 
let fall 2 the aboveſaid plane; from the given 
beige 3 and A p parallax in longitude proportional 
be the Pee e let fall upon the axis of that 
plane, from th e; fa faid. given, )0 at. And! the effect 
We this laſt TY be to alter the tranſit t· line, both in 
poſition and length; and wink prevent its being 
parallel to the central tranſit-line, unleſs when its 
axis and the . axis of the Farth coincide, as ſeen 


from the Sun; which is a thing chat may not t hap» 
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2 be Nel bod of finding the Diftances 
ARTICLE VL 
ann the map of the tranſit. Plate XVII. 


73. The title of this map, and the 3 drawn 
upon it, together with the words annexed to theſe 
lines, and the numbers [hours and minutes] on 
the-dotted lines, explain the whole of it ſo well, 
that no farther deſcription ſeems requiſite. 

74. So far as I can examine the map by a good 
globe, the black curve lines are in general pretty 
well laid down, for ſhewing at what places the 
tranſit will begin, or end, at ſun-riſing or ſun- ſet- 
ting, to all thoſe places "through which they are 


drawn, according to the times mentioned in the 
map. Only I queſtion much whether the tranſit 


will begin at ſun- riſe to any place in Africa, that is 
welt of the Red Sea; and am pretty certain that 
the Sun will not be riſen to the northmoſt part of 
Madegaſcar when the tranſit begins, as M. Dr 
iIsLE reckons the firſt contact of Venus with the 


Sun to be the beginning of the tranſit. So that 


the line which ſhews the entrance of Venus in the 
Sun's diſc at ſun-rifing, ſeems to be a little too far 


welt in the map, at all places which are ſouth of 
Alia Minor: but in Europe, I think it is very well. 


75. In delineating this map, I had M. DE L'IsLe's 
map of the tranſit before me. And the only dif- 


ference between his map and this is, 1. That in his 


map, the times are computed to the meridian of 
Paris; in this they are reduced to the meridian of 
London. 2. I have changed his meridional pro- 
jection into that of the equatorial; by which, I 


apprehend, that the black curve lines, ſhewing at 


what places ine tranſit begins 15 or ends, with the 
riſing or ſetting Sun, appear more natural to the 
eye, "and are more fully ſeen at once, than in the 


map from which I copied; for, in that map, the 
lines are interrupted and broke in the meridian 


that 


of the Planets from the Sun. 


that divides the hemiſpheres; and the places where 


they ſhould join cannot be perceived ſo readily by 
thoſe who are not well ſkilled in the nature of ſte- 
reographical projections.— The like may be ſaid 
of many of the dotted curve lines, on which are 
expreſſed the hours and minutes of the beginning 
or ending of the tranſit, which are the abſolute 
times at theſe places through which the lines are 
drawn, computed to the meridian of London. 


"ARTICLE. VII. 


Containing an Account of Mr. HorRox's Obſervation 
of the Tranſit of Venus over the Sun, in the Year 


1639; as it is publiſhed in the Annual Regiſter - 


fer the Year 1701. 


76. When Kepler firſt conſtructed his (the Ru- 
colphine) Tables upon the obſervations of Tycho, 
he ſoon became ſenſible that the Planets Mercury 
and Venus would ſometimes paſs over the Sun's 
diſc; and he predicted two tranſits of Venus, one 
for the year 1631, and the other for 1761, in a 
tract publiſhed at Lerpfick in 1629, entitled, Ad- 
monitio ad Aſtronomos, &c, Kepler died ſome days 
before the tranſit in 1631, which he had predicted 
was to have happened. Gaſſendi looked for it at 
Paris, but in vain (ſee Mercurius in Sole viſus, & 
Venus inviſa). In effect, the imperfect ſtate of the 
— Rudolphine' Tables was the cauſe that the tranſit 

was expected in 1631, when none could be ob- 
ſerved; and thoſe very tables did not give reaſon 
to expect one in 1639, when one was really ob- 
ſerved. Ce N 

When our illuſtrious countryman Mr. HoRROx 
firſt applied himſelf to Aſtronomy, he computed 
Ephemerides for ſeveral years, from Lanſbergius's 
Tables. After continuing his labours for ſome 
time, he was enabled to diſcover the imperfection 


of cheſe tables; upon which he laid aſide his work, 


114 intending 
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intending, to determine the poſitions of the ſtars 


from his own obſervations. But that the former 
Part of 6 his time ſpent in calculating from Lanſ- 


bergius might not be thrown away, he made uſe of 


his Ephemerides to point out to him the ſituations 


4 


of the planets, From hence he foreſaw when their 


conjunctiops, their appulſes to the fixed ſtars,” and 


the moſt remarkable phenomena in the heavens 
would happen; and prepared himſelf with the 


- 


greateſt care to obſerve them. 


Hence he was encouraged to wait for the import 
ant obſervation of the tranſit of Venus in the year 


1639; and no longer thought the former part of 


his time miſpent, ſince his attention to Lanſbergius s 


Tables had enabled him to diſcover that the tranſit 
would certainly happen on the 24th. of November. 
However, as theſe Tables had ſo often deceived 

im, he was unwilling to rely on them entirely, 


but conſulted ather Tables, and particularly thoſe 
of Kepler; accordingly, in a letter to his friend 
William Crabtree of Mancheſter, dated Hool, Oitober 
26, 1039, he communicated, is diſcovery te him, 
and earneſtly deſired him to make whatever obſer- 
vation he poſſibly, could with his teleſeope, parti 
cularly to meaſure the diameter of the planet Ve- 


24 


nus; which, according to Kepler,| would amount 
to 7 minutes of a degree, and according to Lanſ- 


bergins to. 11 minutes z, but which, according to 


his ,own Proportion, he expected it would hardly 

exceed one minute. He adds, that according to 
5 . 111 * 1 1 x" | 5 2 FE 

Kepler, the conjunction will be November 24. 1639, 


at 8 hours 1 minute A. M. at Mancbeſter, and that 
the planer's l 


latitude, he adviſes to watch the whole day, and 
gyen on the preceding afternoon, and the — 
g 1 3 8 0 


ger's latitude would be 14 10“ ſouth; but 

according to his own corrections, he expected it to 

happen at 3 hours 57 min. E, M. at Mancheſter, with 
a ei ; 2 172 ea | k 

10 ſouth latitode. But becauſe a ſmall alteration | 

in Kepler's numbers would greatly alter the time 

of conjunction, and the quantity of the planet's 


„ re 05 


of #be Planets from the _ | ' 439 ll 
of the 25th, though he was entirely of opinion that 1 
the tranſit would happen on the 24th. | N 
After having fully weighed and examined the 1 
ſeveral methods of obſerving this uncommon phe- W 
nomenon, he determined to tranſmit the Sun's 9 
image through a teleſcope into a dark chamber, wn. 
rather than through a naked aperture, a method 1 
greatly commended by Kepler ; for the Sun's image 1 
is not given ſufficiently large and diſtinct by the Jl | 
latter, unleſs at a very great diſtance from the aper- 4 (WM 
ture, which the narrowneſs of his ſituation would 1 
not allow of; nor would Venus's diameter be well It. 
defined, unleſs the aperture were very ſmall; 1 
whereas his teleſcope, which rendered the ſolar Wt! 
ſpots diſtinctly viſible, would ſhew him Venus's 1 
diameter well defined, and enable him to divide | | BY 
the Sun's limb more accurately. TM 
He ' deſcribed a circle on paper which nearly — 
equalled ſix inches, the narrowneſs of the place not Wh): 
allowing a larger ſize; but even this ſize admitted | Bl 
diviſions ſufficiently accurate. He divided the eir- 1 
cumference into 360 degrees,” and the diameter 1 
into 30 equal parts, each of which were ſubdivided | . of 
into 4, andet Newhöle“ therefore” into 120. The {1 
ſubdiviſion might have ſtill been carried fires”? 7 
but he truſted father to the accuracy and niceneſs W 
of his eye. Qaib10928 bus 291899 & 10 2970. 7 8 1 
When the time of ober vatict drew near, is, 6 
adjuſted the apparatus, and 1 Sun' 'S, .diſ- | Bb | 
tin& image exactly tc to fill the ircle on the p Pa aper; _. 
and though he could not expect tie planet to enter 1 
upon the Sun's diſe befork three clock in the 1 
afternoof of the 24th, from“ his own e | 
numbers, upot which he chiefly relied et, h 7 
cauſe the calculations in vel from other 9 1 
gave the time ef conjbnctioß much Tooner, and I 
ſome even on the 23d, he obſerved the Sun from 1e 
the time of its riſing to nine 6 clock; ; and again, 1 
a little before ten; at noon, and at one in the after- | 1 
noon; being called in the intervals to buſineſs of ' Ti 
the i 


hs — 
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the higheſt moment, which he could not neglect. 
But in all theſe times he ſaw nothing on the Sun's 
face, except one ſmall ſpot, which he had ſeen on 
the preceding day; and which alſo he afterward 
ſaw on ſome of the following days, | 

But at 3 hours 15 minutes in the afternoon, 
which was the firſt opportunity he had of repeating 
his obſervations, the clouds were entirely diſperſed 


and invited him to ſeize this favourable occaſion, 


which ſeemed to be providentially thrown in his 
way; for he then beheld the moſt agreeable ſight, 
a ſpot, which had been the object of his moſt ſan- 
guine wiſhes, of an unuſual ſize, and of a perfectly 
circular ſhape, juſt wholly entered upon the Sun's 
diſc on the left ſide; ſo that the limbs of the Sun 
and Venus perfectly coincided in the very point of 

contact. He was immadiately ſenſible that this 


ſpot was the planet Venus, and applied himſelf 


with the utmoſt care to proſecute his obſervations. 
And, Firſt, with regard to the inclination, he 


found, by means of a diameter of the circle ſet per- 


pendicular to the horizon, the plane of the circle 
being ſomewhat reclined on account of the Sun's 
altitude, that Venus had wholly entered upon the 
Sun's diſc, at 3 hours 15 minutes, at about 62%, 
30 (certainly between 60 and 655) from the ver- 
tex toward the right hand. (Theſe were the ap- 
pearances within the dark chamber, where the 
Sun's image and motion of the planet thereon were 


both inverted and reverſed, ) And this inclination 


continued conſtant, at leaſt to all ſenſe; till he had 
finjſhed the whole of his obſervation. +4 26 | 
Secondiy, The diſtances. obſerved afterward be- 
teen the centers of the Sun and Venus were as 
ſollows. At 3 hours 15 minutes by che clock, the 
diſtance was 14, 24%; at 3 hours 36 minutes, the 
diſtance was 13, 30“; at 3 hours 45 minutes, the 
diſtance was 13“ O, The apparent time of ſun- 


letting was at 3 hours 50 minutes the true time 
| 3 hours 


. of the Planets from tbe Sun. 


3 hours 45 minutes —refraction keeping the Sun 
above the horizon for the ſpace ogg minutes. 

Thirdly, He found Venus's diameter by repeated 
obſervations, to exceed a thirtieth part of the Sun's 
diameter, by a ſixth, or at moſt a fifth ſubdiviſion. 
— The diameter therefore: of the Sun to that of 
Venus may be expreſſed, as 30 to 1.12. It cer- 
tainly did not amount to 1.30, nor yet to 1.20. 
And this was found, by obſerving Venus as well 
when near the Sun? 5 umb; as when father removed 
from it. 

The place where this abGrentions was made, was 
an obſcure village called Hool, about 15 miles 
northward of Liverpool. The latitude of Liverpool 
had been often determined by Horrox to be 53 20's; 
and therefore, that of Hool will be 539 35". The 
longitude of both ſeemed to him to be about 225 

zo! from the Fortunate Hands; that 1 IS 14* 1 5 to 
The weſt of Uraniburg. 

Theſe were all the abloreations hid the re 
dend of the time allowed him to make upon this 
moſt remarkable and uncommon ſight; all that 


could be done, however, in ſo ſmall a ſpace-of time, 


he very happily executed; and ſcarce any thing 


farther remained for him to deſire. In regard to 


the inclination alone, he could not obtain the ut- 


moſt exactneſs; for it was extremely difficult, from 


the Suh's rapid motion, to obſerve it to any cer- 
tainty within the degree. And he ingenuouſly con- 


rg that he neither did, nor could poſſibly perform 
The reſt are very much to be en on 


and as exact as he could wiſn, 

Mr. Crabtree, at Mancheſter, whockl Mr. Horrox 
had deſired to obſerve this tranſit, and who in ma- 
thematical knowledge was inferior to few, very 
readily complied with his friend's requeſt; but 
the ſky was very unfavourable to him, and he had 
only one ſightiof Venus on the Sun's diſc, which 
was about 3 hours 35 minutes. by the clock; the 
Sun then, for the firſt time, breaking out from the 

clouds; 
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clouds; at which time, he ſketched out Venus's E 
ſituation upon Paper, hich Horrox found to coin- 

eide with bis ow] obſer rvations. 

Mr. HorrosL im his treatiſe on this ſubject, pub 
liſhed by Hevelius, and from which almoſt the 
whole of chis account has been collected, hopes 

for patdon: from the. aſtronomical world, for not 

making his intelligence more publick ; but his 
diſcovery was made too late. He is deſirous how. 
ever, in the ſpirit of a true philoſopher, that other 
aſtronomers were happy enough to obſerve it, who 
might either confirm or correct his obſervations. 

But ſuch confidence was repoſed in the tables at 

that time, that it does not appear that this tranſit 
of Venus was obſerved by any beſides our two in- 
genidus countrymen, who proſecuted their aſtro- 
namical ſtudies with ſuch eagerneſs and preciſion, 
that they muſt very ſoon have brought their fa- 
vourite ſcience to a degree of perfection unknown 
ati thgſe times. But unfortunately Mr. Horror died 
on the 3d of Fans naaty 16g 1, about the age of 
255 juſtzafton he had put thei laſt hand to his trea- 
4 5 „Gez entitled, Kenys in Gole:viſa in which he ſhews 
5 hingſelf to have had ga more accurate knowledge 
-of the dhrenſions of: the Solar Syſtem than his 
learned commentator Hevelius.— So far the Annual 

= Asen. awod Wei 1Nn61) s J gh od 
. eln the year, Dro Hairy gave in a paper 
| uvpomthe traaſit KA Venus(Sce-Lowthorpe's Abridg- 

ment of che Philoſophical Pranſattions, pag. 434.) 

in Which-hepbſerves, from the tables then in ule, 
cha Venus returns to a conjunction with the Sun 

Witcher: aſcending node in à period of 18 years, 

Wanting 2 days 10 hours 523 minutes; but, char 

zd the ſecond conjunction ſhe will have got 24, 41" 
farthen to the ſouth than in the preceding. That 

after a period of 235 years 2 hours 10 minutes 9 

ſeconds, ſhe returns to a conjunction more to the 

north by 1133“; and after 243 years, wanting 43 


dee ths * des T. ge for A. D 1761. 
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minutes in a point more to the ſouth by 13“ 8”. 1 
But if the ſecond conjunction is in the yeat next 1 


after leap-· year, it will be a day later.. 

The intervals of the conjunctions at the deſcend- i 
ag node are ſomewhar different. The ſecond hap- | 1 
pens in a period of 8 years, wanting 2 days 6 hours ll 
55 minutes, Venus being got more to the north 
by 19“ 58”. After 235 years 2 days 8 hours 18 
minutes, ſhe is 91 21“ more ſoutherly : only, if the 
firſt year is a biſſextile, a day muſt be added. And 
after 243 years o days 1 hour 23 minutes, the 
conjunction happens 1037“ more to the north; 1 
and a day later, if the firſt year was biſſextile. It is 1 
ſuppoſed, as in the old ſtyle, that all the centurial Wt! 
years are biſſentilles 1547 1 
Hence, Dr. HALLE finds the years in which a Wt | 
tranſit may happen at the aſcending node, in the 1 
month of November (old ſtile) to be theſr 918, 1 
1161, 1396, 1631, 1639, 1874, 2109, 2117 : and ” 
the tranſits in the month of May (old ſtile) at the i 
_ deſcending node, to be in theſe years 1048, 1283, 

1518, 1926, 1761, 1769, 1996;*2004. 7 
In the firſt caſe, Dr. HALL makes: the viſible 
- inclination of Venus's orbit to be ge 5, and her 
horhty motion on the Sun 4 7, In tlie latter, 
he finds her viſible inclination ti be 8 028% and 1 
her horary motion 40“. In vither vaſe, the greateſt 9 
poſſible duration of a tranſit is 7 hours 35 minutes. | 
Dr. Hal could! even then conclude, that if 
the inter valoin time between the two interior con- 
_tafts of Venods ſvith te Sun could he meaſured ro 
the" exactneſd cof a ſocond, in two places properly 
ſituated, the Suns parallax might de determined 
within its gGOdNH part.— But ſevèral years after, 
he enplainedaſthis affair more fully, in a paper [ 
concermiag the tranfr of Venus in ithelyeariyer; IE | 
*which-was publiſhed in the Philoſophical Tranſ- 
actions, and of "which the third of the preceding 
artielescis a tranſlation; the original having been 

wrote in Latin by the Doctor. k | 
| | ARTICLE 
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Contaiuing' a ſport account of ſame «bjervations of thi 
- Tranſit of Venus; A. D. 1761, June 67%, New 
Stile; and. the diſtances of the planets from the 
Sun; as deduced from theſe abſervations; ( 


\ Early, in the morning, when every aſtronomer 


was prepared for obſerving the tranſit, it unluckily 
happened, that both at Landon, and the Royal Ob- 
fervatory at Greenwich, the ſky, was ſo overcaſt 
with clouds, as to render it doubtful whether any 
part of the.trankir ſhould. be ſeen and it was 33 
minutes 21 ſeconds palt 7 o'clock (apparent time) 
at Greenwich, when the Rev. Dr. Bliſs, our Aſtro- 

nomer Royal, firit ſaw Venus on the Sun; at which 
inſtant, the center of Venus preceded the . Sun's 
center by 6' 18”.9 of right aſcenſion, and was ſouth 


7 


of che Sun's center by 18, 44% f of declination.— 


From that time to the beginning of egreſs the 


* 


Doctor made ſev ral obſervations, both of the dif- 
ference of right aſcenſion and declination of the 
centers of the Sun and Venus; and at laſt found 
the beginning of egreſs, or inſtant of the internal 
contact of Venus with the Sun's limb, to be at 8 
hours 19 minutes © ſeconds apparent time. From 
the Doctor's own oblervations, and thoſe which 
were made at Shirburn by another gentleman, he 
has computed, that the mean time at Greenwich of 
the ecliptical conjunction of the Sun and Venus 
was at 51 minutes 20 ſeconds after 5 o'clock 
in the morning; that the place of the Sun and 
Venus was un (Gemini) 15* 36' 33“; and that the 
geocentric latitude of Venus was 9“ 44”. 9 ſouth. — 
2 horary motion from the Sun 315/13 retro- 
grade; — and the angle then formed by the axis of 
the equator, and the axis of the ecliptic, was 6“ 
9 34, decreaſing hourly 1 minute of a degree.— 
By the mean of three good obſervations, the dia- 
meter of Venus on the Sun was 58”. 1 
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Mr. Sbort made his obſervation at Savile. Houſe, 
in London, 30 ſeconds in time weſt from Greenwich, 
in preſence of his royal highneſs the duke of York, 
accompanied by their royal highneſſes prince 
William, prince Henry, and prince "Frederick. —He 


firſt faw Venus on the Sun, through flying-elouds, 


at 46 minutes 37 ſeconds after 5 clock; and ,at 
6 hours 15 minutes 12 ſeconds he meaſured the 
diameter of Venus 59". 8.— He afterward found it 
to be 58% 9 when the ſky was more favourable.— 


And, through a feflecting teleſcope of two feet 


focus, magnifying, 140 times, he found the internal 
contact of Venus Wich the Sun's limb to be at 8 


hours 18 minutes 214 ſeconds, apparent time; 


which, being reduced to the apparent time at 
Greenwich, was 8 hours 18 minutes 51+ ſeconds : 
ſo that his time of ſeeing the contact was 84 ſeconds 
ſooner (in abſolute 7 than the inſtant of! its be- 
ing ſeen at Greentvich. 

Meffrs. Ellicott and Dolind obferved the inter- 
nal contact at Hackney, and their time of ſeeing it, 
reduced to the time at Grteniich, was at 8 hours 
18 minutes 56 ſeconds, which was 4 ſeconds ſooner 
in abſolute time kh the contact was Tere. at Green- 
wich.” VVV 

Mr. Canton, in "Spittle- Sqitare, London, 4 11“ welt 
of Greenwich (equal to 16, ſeconds. 44, thirds of 


# Ht 


time) meaſurec the Sun 8. hace 31 23, 24.5 


by obſervation found the ap Mts time of Ve in- 
ternal contact of Venus w. app the Sun's, limb to be 
at 8 hours 18 ſiſtüde 41 ſeconds; Which, by re- 
duction, was only 24 feconds ſhort of the time at 
the Royal Obſervatory at Greenwich. 

Ihe Reverend Mr. Richard Haydon, at Leſteard, 
in Cornwall (16 minutes 10 ſeconds in time weſt 
from London, as ſtated by Dr. Bevis) obſerved the 
internal contact to be at 8 hours o minutes 20 
ſeconds, which by reduction was 8 hours 16 minutes 


30 ſeconds at Greenwich : ſo that he muſt have ſeen 
6 | it 
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it 2 minutes 30 ſeconds ſooner in abſolute time 


, 


than it was ſeen at Greenwich—a difference by 


much too great to be occaſioned by the difference 
of parallaxes. But by a memorandom of Mr, 
Haydon's ſome years before, it appears that he then 
ſuppoſed his weſt longitude to be near two minutes 
more; which brings his time to agree within half 
a minute of the time at Greenwich; to which the 
parallaxes will very nearly anſwer. Og 


At Stockholm Obſervatory, latitude 59* 20's 


north, and longitude 1 hour 12 minutes eaſt from 
Greenwich, the whole of the tranſit was viſible; 
the total ingreſs was obſerved by Mr. Wargentin 
to be at 3 hours 39 minutes 23 ſeconds in the 
morning, and the beginning of egreſs at 9 hours 
30 minutes 8 ſeconds: ſo that the whole duration 


between the two internal contacts, as ſeen at that 


place was 5 hours 50 minutes 45 ſeconds. 0 

At Torneo in Laplagd (1 hour 27 minutes 28 
ſeconds eaſt of Paris) Mr. Hellant, who is eſteemed 
a very good obſerver, found the total ingreſs to be 
at 4 hours 3 minutes 5g ſeconds; and the begin- 
ning of egreſs to be g hours 54 minutes 8 ſeconds, 


o that the whole duration between the two in- 


ternal contacts was 5 hours 50 minutes 9 ſeconds. 
At Hernoſand, in Sweden (latitude 6 38“ north, 
and longitude 1 hour 2 minutes 12 ſeconds eaſt of 
Paris), Mr. Gifter obſerved the total ingreſs to be 
at 3 hours 38 minutes 26 ſeconds; and the begin- 
ning of egreſs to be at 9 hours 29 minutes 21 
ſeconds— The duration between theſe two internal 
contacts 5 hours 50 minutes £6 Teconds. : 
Mr. De la Lande, at Paris, obſerved the begin- 
ning of egreſs to be at 8 hours 28 minutes 26 
ſeconds apparent time. But Mr. Ferner (who was 
then at Conflans, 14 f weſt of the Royal Obſerva- 
tory at Paris) obſerved the beginning of egreſs to 
be at 8 hours 28 minutes 29 ſeconds true time. 
The equation, or difference between the true and 
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apparent time, was 1 minute 54 ſeconds.—The | 

total ingreſs, being before the Sun roſe, could not Mi 

be ſeen. | . e ö 
At Tobolſe, in Siberia, Mr. Chappe obſerved the | 


total ingreſs to be at 7 hours o minutes 28 ſeconds 
in the morning; and the beginning of egreſs to be 
at 49 minutes 204 ſeconds after 12 at noon.—So 
that the whole duration of the tranſit between the 
internal contacts was 5 hours 48 minutes $22 ſe- 
conds, as ſeen at that place: which was 2 minutes 
32 ſeconds leſs than as ſeen at Hernoſand in Sweden. 
At Madraſs, the Reverend Mr. Hirſt obſerved 
the total ingreſs to be at 7 hours 47 minutes 55 
ſeconds apparent time in the morning; and the 
beginning of egreſs at 1 hour 39 minutes 38 ſeconds 
paſt noon. —The duration between theſe two inter- 
nal contacts was 5 hours 51 minutes 43 ſeconds. 
Profeſſor Mathenci at Bologna obſerved the be- 


ginning of egreſs to be at 9 hours 4 minutes 38 1 
ſeconds. 8 | 1 
At Calcutta (latitude 22* 30“ north, nearly 92% EF 
eaſt longitude from London) Mr. William Magee oh 
obſerved the total ingreſs to be at 8 hours 20 r: 
minutes 58 ſeconds in the morning, and the begin- | 
ning of egreſs to be at 2 hours 11 minutes 34 1 
ſeconds in the afternoon. The duration between the 1 
two internal contacts 5 hours 50 minutes 36 ſeconds, 1 
At the Cape of Good Hope (1 hour 13 minutes 35 1 
ſeconds eaſt from Greenwich) Mr. Maſon obſerved. 1 
the beginning of egreſs to be at hours 39 minutes il 
o ſeconds in the morning, _ 
All theſe times are collected from the obſervers 1 
accounts, printed in the Philoſophical Tranſactions 11 
for the year 1762 and 1763, in which there are Ml 
ſeveral other accounts that I have not tranſcribed. . 
he inſtants of Venus's total exit from the Sun "Wl 
are likewiſe mentioned, but they are here left out, = 
as not of any uſe for finding the Sun's parallax. | 
| Whoever compares theſe times of the internal : 1 
eontacts, as given in by different obſervers, will find - "il 
: k ſuch «JH 
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ſuch difference among them, even thoſe which were 
taken upon the ſame ſpot, as will ſhew, that the 


inſtant of either contact could not be fo accurately 


perceiyed by the obſervers as Dr. HaLLey thought 
it could : which probably ariſes from the difference 
of people's eyes, and the different magnifying 
powers of thoſe teleſcopes through which the con- 
tacts were ſeen.—If all the obſervers, had made 
uſe of equal magnifying powers, there can be no 
doubt but that the times would have more nearly 
coincided ; ſince it is plain, that ſuppoſing all their 


eyes to be equally quick and good, they whole 


teleſcopes magnified moſt, would perceive the 
point of internal contact ſooneſt, and of the total 
exit lateſt, 

Mr. Short has taken an incredible deal of pains 
in deducing the quantity of the Sun's parallax, 
from the beſt of thoſe obſervations which were 
made both in Britain and abroad: and finds it to 
have been 8“. 5 2 on the day of the tranſit, when 
the Sun was very nearly at his greateſt diſtance 
from the Earth; and conſequently 8“. 65 when the 
Sun is at his mean diſtance from the Earth. And 


indeed, it would be very well worth every curious 


3 s while, to purchaſe the ſecond part of Vo- 
ume LII. of the Philoſophical Tranſactions, for 


the year 1763; even if it contained nothing more 


than Mr, Sbort's paper on that ſubject. 

The log. ſine (or tangent) of 8”.65 is 5.6219140, 
which being ſubtracted from the radius 10,0000000, 
leaves remaining the logarithm 4. 3780860, whoſe 
number is 23882.84; which is the number of 


ſemidiameters of the Earth that the Sun is diſtant 


from it,—And this laſt number, 23382.84, being 


_ multiplied by 3985, the number of Engliſb miles 


contained in the Earth's. ſemidiameter, gives 
95,173,127 miles for the Earth's mean diſtance 
from the Sun. But becauſe it is impoſſivle, from 
the niceſt obſervations'of the Sun's parallax, to be 
ſure of its true diſtance from the Earth within ; 00 
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miles, we ſhall at reſent, for the ſake of round 
numbers, ſtate the Earth's mean diſtance from the 
Sun at 95,4179 3,000 Engliſi miles. 

And then, from the numbers and analogies in 
$ 11 and 14 of this Diſſertation, we find the mean 
diſtances of all the reſt of the planets from the 


Sun in miles to be as follows, —Mercury's diſ- 
tance, 36,841,468 ; Venus's diſtance, 68,891,286 


Mars's diſtance, 145,014, 148; Jupiter's diſtance, 
494,990,976 ; and Saturn's diſtance, 90729 56, 130. 


So that, by comparing theſe diſtances with thoſe 


in the Tables at the end of the chapter on the 


Solar Syſtem * it will be found that the dimen- 


ſions of the Syſtem are much greater than what 


was formerly imagined ; and conſequently, that 


the Sun and the planets (except the Earth) are 
much larger than as ſtated in that table. 

The ſemidiameter of the Earth's annual orbit 
being equal to the Earth's mean diſtance from the 
Sun, viz. 95,173,000 miles, the whole diameter 
thereof is 190,346,000 miles. And ſince the cir- 
cumference of a circle is to its diameter as 355 is 
to 113, the circumference of the Earth's orbit is 
597,987,646 miles. 

And, as the Earth deſcribes this orbit in 365 

days 6 hours (or in 8766 hours) it is plain that 
it travels at the rate of 68,217 miles every hour, 
and conſequently $1,369 miles every minute; ſo 
that its velocity in its orbit is at leaſt 142 times 
as great as the velocity of a cannon- ball, ſuppoſing 
the ball to move through 8 miles in a minute, 
which it is found to do very nearly: — and at this 
rate it would take 22 years 228 days for a cannon- 
ball to go from the Earth to the Sun. 

On the zd of June, in the year 1769, Venus 
will again * over the Sun's diſc, in ſuch a man- 
ner, as to afford a much eaſier and better method 
ol inveſtigating the Sun's parallax than her tranſit 


* Fronting page 40. 
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De Method of finding the D Diſtances 


in the year 1761 has done. But no part of Britain 
will be proper for obſerving that tranſit, ſo as to 


deduce any thing with reſpect to the Sun? s paral- 
lax from it, becauſe it will begin but a little be- 
fore ſun- ſer, and will be quite over before 2 o'clock 


next morning.——The apparent time of conjunction 
of the Sun and Venus, according to Dr, HALLEV's 
Tables, will be at 13 minutes paſt 10 o'clock at 


night at London; at which time the geocentric 


latitude of Venus will be full 10 minutes of a de- 
gree north from the Sun's center: — and therefore, 


as ſeen from the northern parts of the Earth, 


Venus will be conſiderably depreſſed by a parallax 
of latitude on the Sun's diſc; on which account, 


the viſible duration of the tranſit will be length- 


ened: and in the ſouthern parts of the Earth ſhe 
will be elevated by a parallax of latitude on the Sun, 
which will ſhorten the viſible duration of the tranſit, 
with reſpect to its duration as ſuppoſed to be ſeen 


from the Earth's center; to both which affections 


of duration the parallaxes of longitude will alſo 
conſpire.— So that every advantage which Dr. 


Hal LEVY expected from the late tranſit will be found 
in this, without the leaſt difficulty or embar- 


raſſment.— It is therefore to be hoped, that nei- 


ther coſt nor labour will be ſpared in duly obſerv- 


ing this tranſit ; eſpecially as there will not be ſuch 
another opportunity again 1n leſs than 105 years 
afterward. 

The moſt proper places for obſerving the tranſit 
in the year 1769 is in the northern parts of Lap- 
land, and the Solsmon Iſles in the great South Sea; 
at the former of which, the viſible duration be- 


tween the two internal tea will be at leaſt 22 


minutes greater than at the latter, even though the 
Sun's parallax ſhould not be quite 9 If it be 
9“ (which is the quantity I had ande in a deli- 


Jena of this tranſit, which I gave in to the 
Royal 


— ge orc 


4 0 


3 J ˙ . ˙ A . Mw Jaz Th, * + 


e the Planets from the Sun, 


Royal Society before I had heard what Mr. Short 
had made it from the obſervations on the late 
tranſit) the difference of the vilible durations, as 
ſeen in Lapland and in the Solomon Iles, will be as 
expreſſed in that delineation ; and if the Sun's 

arallax be leſs than g” (as I now have very good 
reaſon to believe it is) the difference of durations 


will be leſs accordingly. 


„ 


2 


March 26, 1772. 
By comparing the obſervations made in different 
parts of the Earth on the tranſit A. D. i769, and 
taking the reſults of thoſe which appear to be mot 
depended upon; ſome make the Sun's parallax, at his 


mean diftance from the Earth, to be 8".,6045, and 


others make it 8“. 94. According to. the former of 
theſe, the Sun's mean diſtance from the Harth is 
95,109,736 miles; and according to the latter it is 
95,834,742. By theſe, and what was deduced from 
the tranſit A. D. 1761, we may reſt ſatisfied that the 
Sun's mean diſtance from the Earth is more than 95 


millions of miles, and leſs than 96. 
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The numeral Figures refer to the Articles, and 
the ſmall ꝝ to the Notes on the Articles, 


A 


FCELERA TION of the Stars, 221, 
Angle, what, 185, 1. : 
Annual Parallax of the Stars, 196. 
Anomaly, what, 239. 
Antients, their ſuperſtitious notions of Eclipſes, 329. 
Their method of dividing the Zodiac, 301. 
Antipodes, what, 122. 
Apſides, line of, 238. | 
ARCHIMEDES, his ideal problem for moving the Earth, 
159. 
Areas deſcribed by the Planets, proportional to the times, 
153. 
4 the great advantages ariſing from it both in our 
religious and civil concerns, I. 
Diſcovers the laws by which the Planets move, and 
-are retained in their Orbits, 2. 
Atmoſphere, the higher the thinner, 174. 
Its prodigious expanſion, ibid. 
Its whole weight on the Earth, 175. 
Generally thought to be heavieſt when it is lighteſt, 
1 
Wikout it it the Heavens would appear dark. j in the day- 
time, 177. 
Ts the cauſe of Twilight, ibid. 
Its height, ibid. 
Refracts the Sun's rays, 178. 
Cauſeth the Sun and Moon to appear above the Horizon 
when they are really below it, ibid. a 
Foggy, deceiyes us in the bulk and diſtance of objeAts, 
18 
Atraftion 101—105. | 
Decreaſes as the ſquare of the diſtance increaſes, 106. 
Greater in the larger than in the ſmaller Planets, 158. 
Greater in the Sun, than in all the n if put toge - 
ther, ibid, 


ES © 7 Axes 


INDEX. 


Axes f the Planets, what, 1 

Their different poſitions with reſpect t to one another, 
| 120. 
Axis of the Earth, its Paralleliſm, 202. 


Its poſition 3 as ſeen from the Sun or Moon, 338. 


| 50 Phenomena thence HOW 340. 
* 


B. 1 


ms on . Earth, loſe of their weight the nearer they 
are to the Equator, 117. 
How they might loſe all their weight, 118. 
How they become viſible, 167. 


» 


+- . 


O. 


Calculator 28 0 deſcribed, 399. 

Calendar, how to inſcribe the Golden Numbers right | in 
it for ſhewing the days of New Moons, 386. 

ebe ee . its ſwiftneſs, 89. 


In what times it would fly from the Sun to the different 
Planets and fixed Stars, ibid. 


7 his account of a double Star eclipſed by the 


Moon, 58. 

His Diagrams of the Paths of the Planets, 138. 
Catalague of the Eclipſes, 327. 

Of the Conſtellations and Stars, 362. 

Of remarkable Eras and Events, 396. 
Celeſtial Globe improved, 401. 
 Ceniripetal and centrifugal forces, how they alternately overs 


come each other in the motions * the Planets, 152— 


154 . 
Changes in the Heavens, 366. 


Circles, of perpetual Apparition and Occultation, 128. 
Of the Sphere, 198. 
Contain 360 Degrees, whether they be great or ſmall, 
tine 
Civil Wor. what, 474. | 
Corumpus (CnrIsToOPHER) his ſtory concerning an 
Eclipſe, 330. 
Clocks and Watches, an eaſy method of knowing whether 
they go true or falſe, 223. 
Moe they ſeldom agree with the Sun if they go true, 
228—245. 
Clocks 


D bo | 


Obes and Watches, bow to regulate them i Equation 
Tables and a Meridian Line, 225, 226. 
Cloudy Stars, 365. 
Cometarium (an Inſtrument) deſcribed, 400. | 
Conſtellations, ancient, their number, 359. 
The number of Stars in each, according to. different 
Aſtronomers, 362. 
Cycle, Solar, Lunar, and nn. 383. 


D. 


Darkneſs at our SaytouR's crucifixion ſupernatural, 393. 
Day, natural, and artificial, what, 380. 
And Nizhhy always equally long at the Equator, 125. 
Natural, not compleated in an abſolute turn of the 
Earth on its Axis, 222. 
Degree, what, 207. 
Digit, what, 336, u. 
Direction, (Number of) 389. 
Diſtances of the Planets 5 ls Sun, an Idea thereof, 89. 
A Table thereof, 98. 
How found, 190; and in the Diſſertation on the "Tranſit 
of Venus, Chap. XXIII. 
Diurnal and annual Mations of the Earth illuftrated, 0 
2082. 
Dominical Letter, 390. 
Double projediile force, a balance to a Quadrupls power of 
_ Gravity, 153. | 
 Nouble Star covered by the Moon, 58. 


Earth, its Bulk but a point as ſeen from the Sun, 3. 
Its Diameter, annual .period and diſtance from the Sun, 
47. 
Turns round its Axis, hed, 
Velocity of its equatorial Parts, bid. 
Velocity in its annual Orbit. ibid. 
Inelination of its Axis, 48. 
Proof of its being globular, ar nearly ſo, 49, 314. 
Meaſurement of its ſurface, 50. 
We ap between its equatorial and polar diameters, 
7 
Its mation round the Sun demonſtrated by gravity, 
* 108, 


. ” | N 5 8 
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— 108, 111, by Dr. . obſervations, 113, by 
the Eclipſes of Jupiter's Satellites, 219. 
Earth, its diurnal motion highly probable from the ab. 
ſurdity that muſt follow upot ſuppoſing it not to move, 
111, 122. and demonſtrable from its figure, 116, this 
motion cannot be felt, 119. 
Objections againſt its motion anſwered, 112, 121. 
It has no ſuch thing as an upper or an under ſide, 122. 
5 5 in what caſe it might, 123. 
EX. £ T he ſwiftneſs of its motion in its Orbit compared : 
with the velocity of light, 1 
Its diurnal and annual motions illuſtrated by an eaſy 
experiment, 200. 
Forge to be leſs than the San, and bigger than the 
Moon, 315. 
| Eafter Cycle, 388. | 
Eclipfareon (an 9 deſcribed, 405. 
Echpſes of Jupiter's Satellites, how the Longitude is found 
by them, 212. they demonſtrate the velocity of light, 
216. 
Of the Sun and Moon, 312350. 
Why they happen not in every month, 316, 
When they muſt be, 377. 
Their Limits, ibid. 
Their Period, 320 e 
A diſſertation on their en Bid, 
A large Catalogue of them, 327. 
Hiſtorical ones, 328. 
More of the Sun than of the Moon, wy why 331. 
The proper Elements for their calculation and projece 
tion, 353. 
Ecliptic, its ſigns, their names and characters, 91. 
Makes different Angles with the Horizon every hour and 
minute, 275. how theſe Angles may be eſtimated by 
the poſition of the Moon's horns, 260. 
Its obliquity to the . leſs now than it was for- 
merly, 368. 25 
Elengations, of the Planets, as ſeen by an Obſerver at reſt 
on the outſide of all their Orbits, 133. 
Of Mercury and Venus, as ſeen from the Earth illuf- 
trated, 142. its quantity, 143. 
Of. Mercury, Venus, the Earth, Mars, and Jupiter; 
| their quantities, as ſeen from Saturn, 147. | 
Equation of time, 224—245. 
2 = and night always Squal there, 126. 


Equatot 


1 N D E x. 


Equator makes always the ſame Angle with the e of 
hs ſame place; the Ecliptic not, 274, 275. 


Eguinoctial Points, in the Heavens, their preceſſion, 246. 


a very different thing from the receſſion or anticipation of 


the Equinoxes on Earth, the one no ways occaſioned by 


the other, 249. 
Aras or Epochs, 396. 75 . 
Excentricities of the Planets Ordits, 15 Go T- 


F. 7 <7 
— 2 TL 
Fallacies in judging of the bulk of objects by their appa- 
rent diſtance, 185. applied to the * of the hori- 
zontal Moon, 187. 
Firſt Meridian, what, 207. 
Fixed Stars, why they appear of leſs l * 
viewed through a teleſcope than by the bare eye, 354+ 


Their number, 355. 


Pd 


Their diviſion into different Claſſes and Conſtellations | 


3585 2. | 
| G. 


General Phenomena of a uperior Planer as Gen from an ite 
ferior, 149. 

Gr avity, l 101-104. 
Keeps all bodies on the Earth to its ſurface, or brings 


them back when thrown upward ; and conflitutes. 


their weight, 101, 122. 
Retains all the Planets in their Orbits, 103. 
Decreaſes as the ſquare of the diſtance increaſes, 106. 
Proves the Earth's annual motion, 108, 


Demonſtrated to be greater in the larger Planets than i in 


the ſmaller; and ſtronger in the Sun than i in all the 
Planets together, 158. 
Hard to underſtand what it is, 160. 
Acts every moment, 162. | 
Globe (Celeſtial), improyed, 401. 
Gree Tear, 25 * | 


H. 
Harmony of the celeſtial motions, T 11. 


Hurvęſi- Moon, 273293. 
None at the 9 75. 
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IND E K. 


Horvift- Men, remarkable at the Polar Circles, 285. 

In what years moſt and leaſt advantageous, 292. 

| Heat, (decreaſes as the ſquare of the diſtance from the Sun 

' increaſes, 169, 

Why not greateſt when the Earth is s neareſt the Sun, 
205. 5 

. about three o Clock in dhe afternoon than 

when the Sun is on the Meridian, 300. | 

Heavens, ſeem to turn round with different velocities as 
ſeen from the different Planets; and on different Axes 
as ſeen from moſt of them, 120. 
Only one Hemiſphere of them ſeen at once from 3 
Planet's ſurface, 125. 
The Sun's Center the only point from which their true 

Motions could be ſeen, 135. | 

Changes i in them, 366. "= 

Horizon, what, 125, u. 

Horizontal Moon explained, 187, 

Horizontal Parallax, of the Moon, 190; 3 of the Sun, | 

101; beſt obſerved at the Equator, * 

Hour Circles, what, 208. 

Hour of time equal to 15 degrees of motion, ibid. 
How divided by the Jeros, Chald:ans, and Arabians, 

382. 
Hoy6en1vs, his thoughts concerning the nee of ſome 


Stars, 5. | 
1 * 


| PIN: of Venus" 8 Axis, 29. 

Of the Earth's, 48. c 
Of the Axis or Orbit of a Planet only Klative, 201. 
1 of the Earth (or any other Planet) ſtand on op- 
poſite ſides with their feet toward one another, yet _ ; 
thinks hamſelf on the upper 2 142. Bo 


ulian Period, 3093. 5 | 

upiter, its diſtance, diameter, diurnal and annual r revo- 
lutions, 67—69. 5 

The Phenomena of its bolts, 70. 

Has no difference of ſeaſons, 17. 5 

Has four Moons, 72. their grand Period, 73. the 


Angles which their Orbits ſubtend, as ſeen from | 
: the 


INDEX 


the Earth, 74. moſt of them are eclipſed in every 

revolutions 75. 

Jupiter, the great difference between its equatorial and 

polar diameters, 76, 

The ihclination of its Orbit, and place of its Aſcending 
Node, 77. 


The Sun's. light 3006 times as ſtrong on it as Full 


Moon light is on the Earth, 8s. 
Is probably inhabited, 86. 


The amazing ſtrength required to put it in motion, 


s. 
The figures of the Paths deſcribed by its Ps 269. 


2 


Liebt, the inconceivable ſmallneſs of its particles, 165 ; 


and the great miſchief they would do if they were 


larger, 166. | 
Its ſurpriſing velocity, 166. compared with the ſwiftneſs 


of the Earth's annual motion, 197. 
| Decreaſes as the ſquare of the diſtance from the lumi- 


nous body increaſes, 169. 


Is refracted in paſſing through different Mediums, 


171—173. 
Affords a proof of the Earth's annual motion, 197, 
21 
In wid time it comes from the Sun to the Earth, 216; 
this explained by a figure, 217. 
Limits of Eclipſes, 317. 
Line, of the Nodes, what, 3173 has a retrograde mo- 
tion, 319. 
Of Sines and Chords, how to make, 369. 
Loxe (Rev. Dr.) his method of comparing the quan- 
tity of the ſurface of IT Land with that of the Sea, 


His glaſs ſphere, 126. 
Longitude, how found, 207—213, 
Lucid Spots in the Heavens, 364. 
Lunar "I deficient, 385. 


Magellanic Clouds, 365. 


Man, of a middle ſize, how much rell by the weight 


of the Atmoſphere, 175; why this preſſure is not felt, 
ibia. 
Mars, 
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15 N D E X. | 
Mare, its Diameter, Period, Diſtance, and other Phe. 


nomena, 64—67. 
| Matter, its properties, 99. 
Mean Anomaly, what, 239. | | 
Mercury, its Diameter, eriod, Diſtance, Sc. 22. 
Appears in all the ſhapes of the Moon, 23. 
When it will be ſeen on the Sun, 24. | 
The igclipation of its Orbit and Place of its Aſcending 
Node, ibid. 6 
Its Path delineated, 138. 
Experiment to ſhew its Phaſes, and apparent Motion, 
142. 
Mercury (Quickſilver) in the Barometer, why not affected 
by the Moon's railing Tides in the * 311. 
Meridian, fiſt, 207. 
Line, how to draw one, 226. 
Milky Way, what, 363. 
Months, Fewifh, Arabian, . and Grades, 378. 


= Moon, her Diameter and Period, 52. 


Her Phaſes, 53, 255. 

+ Shines not by ber own light, 3 

Flas no difference of ſeaſons, 55. 

The Earth is a moon to her, 5% a 

Has no Atmoſphere of any viſible Denſi ity, 58; nor 
Seas, 59. 

How her habitats may be ſoppoled to meaſure their 
year, 62. | 

Her light compared wirh daylight, 85. 
T be eccentricity of her Orbit, 98. 

Is nearer the Earth now than ſhe was formerly, „* 3. 
Appears bigger on the Horizon than at any conſider- 
able height above it, and why, 187: yet is ſeen 
much under the ſame Angle in both caſes, 188. 
Her ſurface mountainous, 252; if ſmooth, ſhe could 
give us no light, ibid. 

Why no hills appear round her edge, 253. 

Has no Twilight, 2 54. 

Appears not always quite round when full, 2 56. 

Her Phaſes agreeably repreſented by a globular Stone 
viewed in Sunſhine when ſhe is above the Hori- 
20n, and the obſerver placed as if he ſaw her on 
the top of the Stone, 258. 

Turns round her Axis, 262; 

The length of her ſolar and Sydereal day, ibid. | 

Her periodical and ** nodical revolution repreſented 44 
6 2 c 


„ 1 ND 


* 


the motions of the hour and minute fats of 2 
Watch, 264. f 
Moon, her Path delineated, and ſhewn to be dn con- 

cave to the Sun, 265—268. | t 1 "1 

Her motion alternately retarded and eee 267. 

Her gravity toward the Sun greater than toward the 
Earth at her Conjunction, and why ſhe does not 
then abandon the Earth on that account, 268. 

Riſes nearer the time of Sun- ſet when about the full 
in harveſt for a whole week than when ſhe is about 
the full at any other time of the year, and why, 
273—284.: this riſing goes through a courſe of in- 
ereaſing and decreaſing 8 puk to the farmers _y 
19 years, 292. 

Continues above the Barn of the Poles for fourteen 
of our natural days together, 293, 

Proved to be globular, 314; and to be leſs = the 
Earth, 315. 

Her Nodes, 317; aſcending and deſcending, 3183 
their retrograde motion, 319. ; 

Her acceleration proved from ancient Eclipſes,. 322, 1. 

Her Apogee and Perigee, 336. 

Not inviſible when ſhe is totally eclipſed, and why, 246, 

How to calculate her Conjunctions, Oppoſitions, and 
Eclipſes, 353. 

How to find her age in any Lunation by the Golden 

Number, 423. N 
Morning and Evening fee: what, 1 45. | 
Aotion, naturally rectilineal, 100. ö 

Apparent, of the Planets as ſeen by a ſpectator at 1 
on the outſide of all their Orbits, 1333 and of the 

Heavens as ſeen from any Planet, 154. 


N. 


Natural Day, not 1 in the time that the Earth 
turns round its Axis, 222. 

New and Full Moon, to calculate the times of, 353. 

New Stars, 366; cannot be Comets, 367. 

New Stile, its original, 377. 

Nodes of the Planets Orbits, their places in the Eclip- 
tic, 20. 

Of the Moon's Orbit, 317; their retrograde motion, 
319. 

Nonageſimal Degree, what, 2 59. 

Number of * 389. 


Objects, 


* 


0. 
Gigs, v we * miſtake their bulk by miſtaking thets 
diftance, 185. 
" Appear bigger when ſeen through. a fog than through 
clear air, and why, ibid. this applied to the ſolution 
of the horizontal Moon, 187. 
Oblique Sphere, what, 131. 


Olympiads, what, 323. n. 
Orbits of the Planets not ſolid, 21. 


Orreries deſcribed, 397, 398, 399. * 
„ N N p. N , 


Parallax, Horizontal, what, 190. 

| Parallel Sphere, what, „ 

Path of the Moon, 265—267. 
Of Jupiter's Moons, 269. | 

Pendulums, their vibrating lower at chi Equator tha 
near the Poles proves that the Earth turns on i 
Axis, 117. Is | 

Penunibra, what, 336. 

Its velocity on the Earth in Solar Eelipſes, 337. 

Period of Eclipſes, 320, 326. 


Phaſes of the Moon, 255. 
Planets, much of the ſame nature with the Earth, ir. 


Some have Moons belonging to them, 12. 
Move all the ſame way as ſeen from the Sun, but not 
as ſeen from one another, 18. | | 
Their Moons denote them to be inhabited, 86. 
The proportional breadth of the Sun's diſe, as ſeen 
from each of them, 87, 
Their proportional bulks as ſeen from the Sun, 88. 
An idea of their diſtances from the Sun, 9g. 
Appear bigger and leſs by turns, and why, 9o. 
Are kept in their Orbits by the power of gravity, rot, 
150-158. 
Their motions very irregular as ſeen from the Earth, 
| 137. 
IP & Nh kient motions of Mercury and Venus deli- 
neated by Pencils in an Orrery, 138. 
Elongations of all the reſt as ſeen from Saturn, 147. 
Leſcribe equal areas in equal times, 153. 
The excentricities of their Orbits, 1 55 
In what times they would fall to the Sun by che power 


of Start, 57. Planets 
* 


INDEX. 


Planets, diſturb one another” s motions, the conſequence 
thereof, 163. 
Appear dimmer when ſcen through teleſcopes than by 
the bare eye, the reaſon of this, 170. 
Planetary Globe deſcribed, 402. 
Pilar Circles, 198, 
Poles, of the Planets, what, 19. 
Of the world, what, 122 
Celeſtial, ſeem to keep in the ſame volt of the Hea 
| vens all the year, and why, 196. 
Projeftile Force, 150; if doubled, would require a qua- 
druple power of gravity to retain the Planets in theit 


Orbits, 153. 
Is evidently an impulſe from the band of the Al- 


| MIGHTY, 161. 
Preceſſion of the Equinoxes, 246—251. ; 
Ptolemean Syſtem abſurd, 96, 140. 


# FS R. 
| Rays of Light, hin not diſturbed, move in fraizhe lines, 
and hinder not one another's motions, 168. 

Are refracted in paſſing through different mediums, 171. 


Keſlection of the Atmaſphere, cauſes the Twilight, 177. 
| Refraftion of the Atmoſphere bends the rays of Light from. 


ſtraight lines, and keeps the Sun and Moon longer in 


_ fight than they would otherwiſe be, 1 78. 
A ſurpriſing inſtance of this, 183. 
| Muſt be allowed for in taking the Altitudes of the celeſ- 
tial bodies, ibid. 2 
Right TY 1% 
| 8. 7 
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Sateliten, * times of their revolution round their pri- 


mary Planets, 5a, 73, 80. 
| Their Orbits compared with each "other, with the Or- 


dits of the primary Planets, and with the Dua) s cir- 


|  cumference, 27T. 
What ſort of curves they deſcribe, 272. 


Saturn, with bis Ring an 3 e Phenomena, - 


8. 7 Qs 82. . 
Tbe 80 Sun's light 1000 times as fon to Saturn as the 
light of the Full Moon is to us, 85. 
"Is Phenomena of his Ripg farther explained, 204. 
Our bleſſed Sa viouk, the darkneſs at his Crucifixion ſuper- 


- natural 2. | 
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IN D E x. 


1 Meſed 3 the nrophetic year of his Crucifixion 
found to agree with an aſtronomical calculation, 395, 

Seaſons, different, illuſtrated by, a an 77 experiment, 200; 
by a figure, 202. | 

 Shad:w, what, 312. 

Sydereal Time, what, 221; the bs of . Days 
in a year exceeds the number of Solar Days by one, and 
why, 222. 

An eaſy method for regulating Clocks and Watches by 
it, 223. 

SMITH, (Kev. Dr.) his compariſon between Moon-light 
and day light, 8 5. 

His demonſtration that ligbt decreaſes as the ſquare of 
the diſtance from the luminous body increaſes, 169. 
(Mr. GeoRct) his Diſſertation on the Progreſs of a ſo- 

lar Eclipſe ; following the Tables at 320. 

Solar Aftranemer, the judgment he might be ſuppoſed to 
make coneerning the Planets and Stars, 135, 130. 

Sphere, parallel, oblique, and right, * | 
Its Circles, 198. 

Spring and Neap Tides, 302. | 

_ Stars, their vaſt diſtance from the Earth, 3, 196. 

Probably not all at the ſame diſtance, 4. 
Shine by their own light, and are therefore Suns, 7. 
probably to other worlds, 8. | 

A proof that they do not move round the Earth, 111. 
Have an apparent flow motion round the Poles of the 

Ecliptic, and why, 251. 
A Catalogue of them, 302. 
Cloudy, 305. 
New, 366. 
Some of them change their places, 367. 

Starry Heavens have the ſame appearance from auy part of 
the Sotar Syſtem, 132. | 

SUN, appears bigger than the Stars, and why, 4 
Turns round his Axis, 18. | 

His proportional breadth as. ſeen from 1 different 
Planets, 87. | 
Deſcribes unequal arcs. above and below the Horizon at 
different times, and why, 130. 
His center the only place from which the true motions 
of the Plenets could be ſeen, 135. 
Is for half a year together viſible at each Pole: in its 
*turn, and as long inviſible, 200, 294. 
Is nearer the Earth in Winter than in Summer, 205. 5 
Why his motion agrees ſo ſeldom with the motion of a 
W Clock, — 


\ 


Sun, 


” — 
% * 2 45 , 
1 * : I * x 
1 * q X P ; 
. | ths 72 8 4. x % . * Gs 1 7 
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% N, would more than fill the Moon's Orbit, 271. 


Proved to be much bigger than the Earth, and the 
Earth to be bigger than the Moon, 315. 


Syſtems, the Solar, 17—953 the . 96; the 


Tyebonic, 97. | 
Dl 5 


Table of the Periods, Revolutions, Magnitudes, Diſtances, 


Sc. of the Planets, facing Y 99. 

Of the Air's rarity, compreſſion, and expanſion at dif- 
ferent heights, 174. 

Of refractions, 182. 1 

For converting time into motion, and the reverſe, 220. 


For ſhewing how much of the celeſtial Equator paſſes 


over the Meridian in any part of a mean Solar Day; 
and how much the ſtars accelerate upon the mean 
Solar time for a month, 227. 


Of the firſt part of the Equation of time, 2293 + the 


ſecond part, 241. . 
Of the preceſſion of the Equinox, 247. 


Of the length of Sydereal, * and Tropigal Years, 


251. 
Of the Sun's place and Anomaly, 


Of the Equation of natural Days, following 251. 


Of the Equation of Time, 


Of the Conjunctions of the hour and minute hands 

of a Watch, 264. 

Of the Curves deſcribed. by the Satellites, 272. 

Of the difference of time in the Moon's riſing and 
ſetting on the parallel of London every day curing 
her courſe round the Ecliptic, 277. 

Of the returns of a Solar Eclipſe, 320. 


Of Eclipſes, 327. 


For calculating New and Full Moons and Eclipſes, 
following 353 

Of the Conſtellations and abe of the Stars, 362. 

Of the Fewiſh, Egyptian, Arabic, and Grecian months, 379, 


For inferting the Golden Numbers right in the Ca- 


lendar, 386. 

Of the times of all the New Moons for 76 Years, 387. 

Of remarkable /Eras or Events, 396. 

Of the Golden Nomber, Number of Direction, Do- 
1 N Letter, and Days of the Months, following, 
39 | 


Tus s Eclipſe, 323. 
Tavcypipes's Eclipſe, 44 
Tides, their Cauſe and r 295—311. 


2 | Tide- 
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Toi lr, none ig the Moon, 254. 
Wee * 3 88 


25 "Ix. | 3 4 * f 
bete Work of Alnichty Power, 'S; ihe, 
and dbon, only relative terms, 122. 
or adler ir f ide of the "Earth, no ſuch thing, 12 3. 


V. — 5 
Fay oi Licht 3 with de velocity of the Earth 
in its annual Orbit, 197. 
Venus, her bulk, diſtance, period, Tength of days and 
nights, 26. 

Shines not by her own light, 1510 
Is our morning and evening Star, 28. 
1 Her Axis, how ſituated, 29. 

25 __- Her ſurpriſing phenomena, 29—43. 
> The inclination of heryOrbit, 45. | 
bl Mhen ſhe will be ſeen on the Sun, ibid. 
| a Ho it may probably be ſeon known if ſhe has a Sa- 


tellite, 9 

3 Appears in all the ſhapes of the Moon, 23, 141. 
| An experiment to ſhew her Phaſes and apparent Mo- 
Wn 7. Pf lon, how 22225 167. ; 
> Wather, not "hotteſt ao che Sun is 5 neareſt to us, and 

Why, 205. 1 
3 Meigbi, the cauſe of it, 122. e 8 || 
| : : 2 i World, not eternal, 164. N . C | 
3 a Near, LY Great, 251. . 371. syderesl, 372. | 
be | Lunar, 273. Civil, 374. Biſſextile, ibid. Roman, 370. 
=  Fewiſh, Egyptian, Arabic, and Graves, 378, 3793 


Jong it would be if the Sun moved round the Earths 
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x 
| How divided by the ancients 36 1. Ely 7 0 
A Zones, ** 99. . Was? 


